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ABSTRACT 
The island of Reunion lies in the western Indian Ocean, 700 Ic 
east of 1adagasoar and apnroximate1r 1200 km. west of -the id-Ind.jan 
Ocean Ridge. With the islands of Tauritius 170  km. E.N.E. and 
Rodriez 800 iQ1. E. it forms the geographic'oup known as the 
iascaree Islands. Reunion aprears to have developed away from the 
Mid-Indian Ocean Ridge and independently from the other Iiascarene 
Islands and the VJascarene Plateau to the north-east. 
The island is built of two volcanoest Piton des Neiges 
(3,069 m.), an extinct volcano forms the north-western two--thirds 
of the island, while the active volcano of Piton de la. Fournaise 
(2,631 m.) occupies thi south-eastern part. 
Deep erosion on Piton des Neiges has exposed, an older series 
of •faulted, altered rocks termed the Older Oceanite Series, uncon-
formably underlying mainly fresh, geiitly dipping lavas of the 
Younger Oceanite Series. Both Series consist of predominantly olivine 
basalts and constitute the main shield-building phase of Piton des 
Neiges, which is overlain by a caing of more varied products 
ranging from basalt to. trachyte constituting the Differentiated. 
Series, 
The Older Oceanite Series extrusive rocks, consisting of 
breccias and subordinate 'lobate' lavas, were erupte& into a shallow 
submarine environment at depths of less than 500 m. However 9 much 
of the magma was intruded. at shallow levels as parallel sheet 
swarms and dyke networks from fissures trending in a N - S to 
N.W.. - S.S.W.djpec -tjon, 
Following and partly contemporaneous with this activity, there 
was rapid uplift of at least 1900 m. in the late Pliocene/Pleistocene, 
associated with vertical movement along rejuvenated, N.E. - S.W. 
trending, late Cretaceous transform fault lines, passing north 
and south of Reunion9 
Rapid uplift was succeeded by deposition of the Younger 
Oceanite Series basalts on to faulted platforms of the older rocks. 
In spite of their different environments of eruption, the 
Older and Younger Oceanite Series are believed to have been originally 
vituaily indistinguishable in their range of compositions and 
mineralogy and can thus be treated as a whole in any petrogenetic 
model. 
Studies of trapped silicate melt inclusions in olivines reveal 
that primitive magmas ancestral to the Oceanite Series were probably 
picritic liquids. Their K. Ti—rich character could be explained by 
previous high—pressure crystal fractionation e.g. eclogite, or mo±'e 
probably by small amounts (<20%) of partial melting of mantle 
material containing minor amounts of a K. Ti—rich phase, possibly 
phiogopite. 
The picritio, primitive magmas accumulated at depths of 
Iess th 	15 kri in a system of small magma chambers and ramifying 
channels. Crystallisation and fractionation of divine with small 
amounts of chromite, immiscible Ni—Fe suiphide, clinop.yroxene•and 
plagioclase formed on eruption, a suite of transitional tholeiitio 
olivine basalts, containing associated: dunite and occasional wehrlite 
and gab'oro Inclusions. A limited development of hydrous conditions 
• in the sub—volcanic zone led to crystallisation of amphibole gabbros, 
which were subsequently elutriated as inclusions in basalts during 
• explosive eruption. 
Periodically, small quantities of magma migrated into the 
volcanic superstructure and differentiated to form relatively 
evolved gabhToic bodies. 
Eventually, the main magma supply was diverted south—east 
from Piton des Neiges to Piton de la Fournaise. A large body of 
magma was trapped about 30 - 15 ian, below the surface of Piton de 
Neiges and underwent olivine—clinopyroxene fractiona-tion'to produce 
a magma parental to the Differentiated Series eruptives. 
During this period of quiescence, the Older Oceanite Series 
and basal iarts of the Younger Oceanite Series near to the volcanic 
centre were metamorohosed in the zeolite and lower greenschist facies. 
Zones of zeolitisation were developed around the centre of the 
volcano. The distribution of these was dependent on depth of burial, 
proximity to volcanic conduits and intrusive centres and the 
circulatory action of hot fluids. The onset of rnetamorphismrna.y 
have been lInked with the establishment of a large magma chamber 
below Piton des Neiges. 
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1.1. REGIONAL SETTING 
The island of Reunion lies in the western Indian Ocean at 
55 
0 30! E. and 21 0  S., 700 kin, east of Madagascar and aproximately 
1200 lci. west of the Mid—Indian Ocean Ridge. Iith the islands of 
Mauritius 170 km. E.N.E. and Rodriguez 800 kin.. E. it forms the 
geographic group known as the Mascarene Islands (Fig i.i). The 
island is ovoid in plan, with a long axis directed N.W. - S.E.,. 
and an area of 2,512 kni 3 . It is built of two volcanoes; Piton des 
Neiges, an.extinct volcano forms the north—western two—thirds of 
the island, and Piton de la Fournaise which is still active occunies 
the south—eastern part. The summit of Piton des Neiges at 3,089 m. 
is the highest point above sea level in the Indian OcearL. 
Reunion lies just S.W. of. the souiherr extremity of the 
Mascarene Plateau, a major structural unit of the Indian Ocean. 
The plateau extends southwards in an are from the Seychelles to 
Mauritius over a distance of 2,300 len., and is exrressed as a series 
of shallow submarine banks. •. Geohysical studies have shown it to 'cc 
a faulted, aseisrnic, composite structure rising steeply from the 
sea floor, underlain in the north around the Seychelles Bank by 
continental cust, (Shor and Pollard, 1963; Davies and Francis, 
1964i Matthews and Davies, 1966) and composed, of volcanic rocks 
underlain by oceanic crust south of the Saya de Malha Bank, (Shor 
and Pollard, 1963; Bunce e -t al, 1966). There is however, no 
apparent continuation of the plateau .further S.W. between ?4auritius 
and Reunion, where oceanic depths exceed 4000 m. The other 
Mascarene island of Rodriguez is the exno:ed. portion of a narrow 
C 
B. - W. trending ridge which intersects the Iltascarene plateau north 
2 
FIG. 1.1 
Regioa1seting of Reunion and simplified bath3rnetry of the 
wes-térn Indian Ocean. 
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of Mauritius. The three Mascarene Islands then, are topographic 
entities. and this reflects their separate origins. In spite of a 
crude E.N.E. alignment away from the Mid-Indian Ocean Ridge, they 
do not show a progressive increase in age with distance from the 
ridge (McDougall and Chamalaun, 1969). 
Although the overall trend of the Mid-Indian Ocean Ridge is 
N. - S. ) Fisher, Sciater and McKenzie (1971), and McKenzie and Sclater 
(1971) have demonstrated that the active ridge segments lie N.W. - 
with spreading rates of approximately 2 - 3 cm./yr. N.E. - S.I. 
These authors also show that the Mascarene Plateau has an analogne 
on the eastern side of the ridge called the Chagos-Laccadive Ridge. 
These structures bound the magnetic anomalies and fracture zones of 
the Dresent spreading episode, separating them from an earlier 
sequence with markedly different E. - W. anomalies (>20 'm.y. 
Their reconstructions suggest that the Mascarene Plateau and Chagos-
Laccadive Ridge initially lay along a former plate margin on the 
site of the present Mid-Indian Ocean Ridge, and that this had the 
form of a N. - S. transform fault. Volcanism along this transform 
fault is believed to have constructed the Chagos-Laccadive Ridge and 
the T4ascarene Plateau south of the Saya de Malha Bank, which linked 
up with the Seychelles continental fragment. Using this reconstruction 
an age of at least 20 rn.y. is inferred for the Mascarene Plateau. 
ifowever, in more recent years, aseismic ridges of volcanic 
origin have been interpreted as the traces of lithospheric plates 
moving over stationary mantle plumes. Thus Morgan (1972) has 
interpreted, the Deccan Traps of India, the Chagos-Laccadive ridge 
and southern section of the Mascarene Plateau as being generated 
by the north:ard. drift of the Indian Ocean Plate over a stationary 
Reunion mantle plume. 
4 
1.2. LOCAL SETTING 
Locally the submarine topography of Reunion is regular, 
unfaulted and roughly circular in form (Fig. 1.2.). However, there 
is a slight N.W. - S.E. submarine elongation of the island, consistent 
with the subaerial topography and alignment of the two volcanoes. 
Prominent submarine volcanic features are a 50 km. wide plateau at 
a depth of 2,000 - 29300 m., 30 km. west of Reunion (Fisher et al, 
1967) and a flat circular plateau area on the submerged N.N. flank 
of Piton des Neiges. Thus the submarine topography is consistent 
with the subaerial evidence of a migration in volcanism south-eastwards 
with time as suggested by Upton and Wadsworth (1965). 
1.3. PHYSIOGRAPHY 
Reunion has a sub-tropical to tropical maritime climate and 
lies within theS.E. Trade belt; Geographically and geologically 
the island can be divided into two units, comprising the extinct 
volcano of Piton des Neiges, (3,069 m.) and the still active Fiton 
de la Fournaise (2,631 m.) as shown in Fig. 1.3. Rainfall is 
largely governed by the two volcanoes, with the eastern flanks 
receiving most of the precipitation from the S.E. Trade winds. 
Piton de la Fournaise forms the S.E. part of Reunion. and the 
younger flows lap on to the flanks of Piton des Neiges. The overall 
shield shape of the volcano is modified by a series of calderas. 
which have strongly affected the drainage pattern. 
Piton dec Neiges forms the north-western part of the island, 
and displays an overall shield shape approximately 50 km. across 
at sea level. Deep gorges have been carved into the shield, at a 
number of places, and an extreme development of amphitheatre-headed 
valley erosion has resulted in the excavation of three huge cirgues 
in the central area of the original volcano. The artes between 
5 
FIa. 1.2. 
Submarine topography near Reunion. 
Contours in metres. 
From Fisher 9 Johnson and Heezen (1967). 
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these oirques culminate in the summit massif of Piton des Néiges, 
whioh. is an erosional remnant of the central part of the shield. 
It is probable that a relatively steep-sided summit cone rose some 
300 m. higher than the present summit at the time when aclivity 
ceased0 The eastern flanks have the densest vegetation and are 
subjected to more vigorous stream erosion. But in spite of the 
inequality of erosional rates around the mountain, an approximately 
symmetrical shield profile has been maintained. This is because 
faster valley-head migration towards the summit crater has occurred, 
with consequent concentration of flows on this side of the mountain. 
As a result a pattern of disoonformities and valley-fill structuros 
is developed on the eastern flanks, whilst northern and western 
flanks have less obvious erosional breaks. 
1.4. GENERAL GEOLOGY 
A. Piton des Neiges  
Three distinct geological units termed the Older Ooeanit'e 
Series, Younger Oceanite Series and Differentiated Series have been 
recognised by Upton and Wadsworth (1966 9 1969) and are shown on the 
geological sketch map in Fig. 1.3. The former Series is separated 
from the latter two by an angnlar unconformity, while the Younger 
Oceanite Series and Differentiated Series are disconfovmable. 
The Older Oceanite Series of sheared olivine-rich basalts and 
breocias outcrops in the deeply eroded floors of the cirques and 
has been interpreted by Upton and Wadsworth (1969) as representing 
the pre-emergent submarine phase of the volcano. The Series is 
usually strongly altered and zeolitised, with dips ranging from 
horizontal to vertical. 
The overlying Younger Oceanite Series consisting of dominantly 
olivine basalts comprises the main shield-building phase of 
I 
FIG. 1.3. 
Geological sketch map of Reunion, showing the major surface features 
(calderas, ciroues, vents,. dykes) and the distribution of the 
Older Oceanite Series (and main intrusive complex), shown in black; 
and the main outcrops of the Younger Oceanite Serie (stippled); 




also in whitc. position of main syenite.bodies (s) and the layered 
gabbro(g) also shown. . .. 	 : 	 . 
From, Upton and Wadsworth (1970) 
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Pitondes Neiges. The basalts are best exposed in the walls of 
the three cirques, and also form a number of relatively upstanding 
blocks on the outer flanks of the volcano, the largest of which 
is the massif of La Montagne in the north of the islancL The flows 
0 
are typically 1 - 5 m. thick and dips rarely exceed 5 . Scoriaceous 
tops and bottoms are usually developed with oxidation at upper 
surfaces. There is little evidence for explosive activity, except 
locally for example at Cap la Houssaye. The exposed thickness of 
the Series exceeds 1 9 000 m. in some areas. 
The youngest phase represented by the Differentiated Series 
consists of a capping of more varied products ranging from basalt 
to trachy-te. The lavas form a surface veneer over much of the 
western flanks of Piton des Neiges, but were directed 'along steep-
sided valleyson the wet eastern (windward) slopes where erosion is 
greatest0 In the central region the Differentiated Series attains 
a thickness of at least 700 m., but thins rapidly outward. The 
flows tend to be thicker than those of the Oceanite Series, and 
although they show varied compositions, there is no simple relation 
between composition of lavas and sequence of extrusion. 
A number of intrusive equivalents of the volcanics are found 
in the lower levels of the cirques (Upton and Jadsworth 19679 1970). 
A wedge of rhythmically layered gabbro is exposed in the Cirque 
de Salazie, and a smaller gab'broic body outcrops at Source Thermale, 
Cirque de Cilaos. Otherwise in -trusives often take the form of 
extensive sheet swarms injected sub—parallel to lava horizons. 
Low—grade metamorphism usually in the zeolite fades has 
affected all but the upper few hundred metres in the ciroues, but 
outside the cirques away from the volcanic centre most of the rocks 
are unaltered. 
A K- Ar study of the lavas by !cDougall (1971) has revealed 
that the Younger Oceanite Series was erupted episodically from 
2 rn.y. - 0.43 m.y. ago. Then following a hiatus of about 0.1. m.y. 
the Differentiated Series products were erupted from about 0.35 - 
0.07 m.y. ago. No ages have been determined on the Older Oceanite 
Series due to its state of alteration. 
Rocks of the Younger Oceanite Series are best described as 
transitional between tholeiitic and alkaline (Upton and !adsworth, 
1966). The Differentiated Series however, ranges from Ne-normative 
through Hyp-normative to Qt-normative compositions. 
B. Piton de la Fournaise 
Piton ne la Fournaise consists of olivine haslts of similar 
compositions to the Younger Oceanite Series. The volcano is still 
active although the oldest lavas recognised have been dated at 
0.35 m.y. (McDougall 1971a). The 1avs are the subject of a forth-
coming Ph.D. thesis by Mr. J. Luddon at Manchester University, so 
only occasional reference will be made to them when necessary. 
1.5. PREVIOUS RESE:,,RCH 
The volcanoes of Reunion have been described in considerable 
detail by a number of investigators. In particular Lacroix (1936, 
1933, 1 939, 1940 ) has made fundnena.1 contributions to present 
geological knowledge of the island, and has been followed. by Rivals 
(1950 ), Bussiere (1958) and Ducrot (1960). Lacroix and Btissisre 
refer to some aspects of the petrology and chemistry of Piton des 
Neiges, although most of their wQrk wac concerned with Piton d.c la 
Fournaise. RivalY unpublished work remains little known except 
for his map in Defos dii Rau ( 1959). A more recent geological map 
of the island has been prepared by Bussiere (l9.57) 
Upton and Wadsworth. (1965, 1966 7 19697 1972a) have 
10 
elucidated much of the geology of Piton des Neiges, andprovided 
the basis for more. detailed cherncal and mineralogical studies. 
In. particular they noted the close similarity between volcanism on 
Reunion' and Hawaii, suggesting the Differentiated Series of Piton 
des Neiges is equivalent to the alkalic suite of lavas which 
typically forms the upper part of mature Hawaiian volcanoes. The 
underlying Younger Oceanite Series of Piton des Neiges, and the 
lavas of Piton de la Fournaise represent the more "primitive" 
basaltic suite which in Hawaiian volcanoes is of tholeiitic' type. 
Howeve; on Reunion it Is transitional between typical alkali and 
tholeiltic basalt, the lavas showing normative hypersthene but 
absence of Ca—poor groundiiiass pyroxene ' characteristic ofihoteiitic 
b.asalts.  
The Older Oceanite Series has no visible counterpart. on 
Hawaii, or most other oceanic' islands. Upton and Wadsworth (1969) 
noted its sheared nature, the high proportion of brecciasto lavas 
and the presence of curious "pillow—like" forms in most of the 
lavas. This led them to postulate that the Older Oceanite Series 
represents the pre—emergent submarine phase of Piton des Neiges, 
that has subsequently been uplifted to its present' height of up to 
1900 m. above sea level. Further studies on the intra—vo].canic 
intrusions have enabled a possible evolution of Reunion to be 
traced (Upton and Wadsworth, 1970 9 Fig. 4.) 
Detailed chemical analyses of Younger Oceanite Series and 
Differentiated Series rocks (Upton and Wadsworth, 1972 a) have 
contribu-ted to our knowledge of the magmatic evolution on Reunion. 
In particular they demonstrate that the chemical variation displayed 
within the Younger Oceanite Series (and lavas of Piton de la 
Fournaise) can be accounted for by olivine enrichment or depletion. 
11 
Oliviné fractionation has reduced JIIgO contents of many lavas to 
5 - 6%, but lavas with less than this amount appear to be rare or 
absent within the two shields. Incontrast, the Differentiated 
Series has a more complicated chemical evolution with varying 
amounts of olivine, plagioclase, clinopyroxene and magne -tite 
fractionation. Upton and Wadsworth (1972a) have proposed that both 
high and low pressure fractionation in magma chambers are needed to 
account for certain aspects of the chemical variation of this suite 
relative to the Younger Oceanite Series. 
Associated with the lavas and breccias of Piton des Neiges 
are peridotitic and gabbx'oio rocks. Ultrabasic inclusions are 
relatively abundant in the early shield—forming lavas, whilst 
gabbroic inclusions are quite common in the Differentiated Series 
which is virtually devoid of ultrabasic inclusions. Upton and 
Wadsworth (197 2b) have interpreted the peridtites and most of the 
gabbroic rocks as cumulates formed in floored magma chambers at 
depths from 30 1o. upwards. They have ruled out the possibility 
that the inclusion suite represents unmodified mantle or residual 
mantle left after partial melting, largely on the grounds that 
thinitic rocks are the overwhelmingly dominant material and that 
they are intimately associated with wehrlites and feldspathic rocks. 
In addition, the olivines and spinels are apparently too Fe—rich to 
be residual dunite mantle. This conclusion then, contrasts with 
that of Jackson and Wright (1970), who believe the deformed dunite 
xenoliths of the Honolulu Series (Oahu) to be mantle residua after 
extraction of tholeiitic basalt. 
One atmosphere melting experiments on some Reunion lavas have 
been carried out by Pilley et al (1971) and Humphries (1972 , 1975) 
12 
The close correlation between the 1—atmosphere liquidus trend and 
the observed phenocryst assemblages suggests that the main variation 
in chemical composition within both the Younger Oceanite and. 
Differentiated Series is a result of low pressure crystal fractionation. 
The most magnesian liquid erupted to the surface contains aptroximaiely 
10 - ii% MgO. Lavas with a greater amount of MgO are not 
representative of an initial liquid composition, but have formed by 
gravitational sinking and accumulation of olivine. 
The geochronology of Reunion has been studied by !4cDougall 
(197180.. He suggests that the Younger Oceanite Series was erupted 
during at least three distinct episodes at about 2 m.y., 1.2. - 1.0 
m.y. and 0.55 - 0.43 m.y. B.P. Following a hiatus of about 0.1. m.y. 
the basaIt—trachyte sequence of the Differentiated Series was 
erupted between 0.35 and 0.07 m.y. ago. The younger still active 
iton d.e la Fournaise was active from at least 0.36 m.y. onwards. 
However, the eieodio nature of Piton des Neiges volcanism is 
questionable. It is probable that the western flanks of the volcano 
received only an intermittent supply of lavas, but since volcanism 
has probably been channelled down the eastern flanks where erosion 
rates are higher, it is possible that the Younger Oceanite Series 
lavas have been erupted without significant break in time from 
2 . 0.43 m.y. B.P. !oreover the validity of the 0,1 m.y. hiatus 
between 0.oeanite Series and Differentiated Series eruptions, as 
measured on the western flanks of the volcano is also questionable. 
The bias of sampling to the western flanks is a result of quality 
of exposure and accessibility. Obviously more detailed shidies of 
the lavas on the eastern flanks are necessary before the nature of 
the Younger Oceanic and Differentiated Series eruptions is fully 
understood. 
13 
Strontium isotope, K/Rb and Rb/Sr ra -tioshave been presented 
for a variety of Reunion rocks by NcDougall and Competon (1965), 
Hamilton (1965), and Hedge et al (1973). The main conclusions are 
, 86 
that Sr 87 / Sr ratios show no significant variation throughout the 
fresh rocks of Piton des.Neiges and Piton d.e la Fournaise and have 
an average value of 0.7044. This remarkably low range indicates 
that the source region of all these rocks was very homogeneous in 
itsRb/Sr ratio. It also implies a close genetic relationship 
between the Younger OcearLite and Differentiated Series, which is 
consistent with derivation of the later alkali lavas by 
fraCtionation from similar parental rnagrnas that produced the Younger 
Ooeanite Series. However, Overeby (1972) has challenged this view, 
stating that although Reunion rocks have uniform Sr
87, 86 Sr ratios, 
the lead isotope data suggest isotopically distinct source regions 
and an origin for the Differentiated Series by direct Ijartial melting 
of mantle material. However, her assertion that if two series of 
igneous rocks are genetically related, they must have the same 
lead isotope compositions could be erroneous. Due consideration 
of the possibilities of isotope roequilibration, isotopic dis-
equilibrium in the mantle and distribution of U and Ph in mantle 
phases should be given before statements of this nature are 
unequivocably accepted. Nevertheless there does appear to be 
horizontal eterogeneity in the source mantle below Reunion, with 
a low radiogenic lead domain lying S.E. of a high radiogenic lead. 
domain. 
The K/Rb ratios of various lavas from Piton des Neiges and 
iton de is. Fournaise have been determined, by McDougall and 
Comps-ton (1965). With limited data on nine rocks they suggested 
a small decrease in K/Rb ratio with age of basalt, from a value of 
14 
450 for 2 m.y. old rocks to 390 for those erupted 1 m.y. B.?. 
Similar rocks from Piton de la Fournaise give still lower values 
of 340, and the 'Differentiated Series show ratios from 320 to 370. 
The Reunion K/Rb ratios are lower than similar Hawaiian rocks which 
have average values of about 510 (Lessing et al, 1963) However, 
the published data is aged and probably not reliable for such a 
comparison. 
Geomagnetic' work on Reunion by Chainalaun and McDougall (19 66 ) 
and McDougall and Watkins (1973) has revealed a shortlived episode 
of normal polarity within the Matuyama reversed epoch. This Reunion 
normal polarity event has a mean age of 2.02 ± 0.02 m.y. and 
duration within the range 10 9 000 - 50,000 years. 
Nativel (1972 , 1974) studied the zeolites in the Cirques of 
Salazie and Cilaos and mappedthree distinct zeolite zones which 
are depth dependent and represent a progressive metamorphism in 
the zeolite facies. 
Finally, Zielinski' (1975)  has studied trace elements and rare 
earths in Reunion volcanics, concluding that low pressure 
fractionation froma presumed parental basalt can account for 
most of the compositional variation of the Differentiated Series. 
1.6. PRESENT RESEARCH 
The main purpose of the research was to carry out a close 
- 
	
	study of the early volcanic rocks of Piton des Neiges, which includes 
the Older and Younger Oceanite Series. The Older Oceanite Series 
has received the least attention by previous research workers, due 
mainly to its state of alteration. Because of this, geochemical 
analyses will reveal only limited information as to its 
petrogenesis. Also the geochronoiogy cannot be studied by the 
K - Ar method, due to the mobility of the potassium ion during 
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low—grade metamorphism. The inaccessibility of the Older Oceanite 
Series, its structural deformation, and high proportion of breccia 
material to lava are other reasons for its relative neglect. However, 
the Series is the oldest record of volcanism onReunion and as 
such warrants an investigation. It has no visible counterpart 
on most other oceanic islands, although Upton and Wadsworth (1970 ) 
have compared it with the Troodos massif of Cyprus (G.ss,1967) and 
the Be-tancuria ?4assif of Fuerteventura, Canary Islands (Fuster 
et al,1968),  both of which have layered ultrabasic rocks associated. 
with submarine lavas inthe core of a basaltic volcano. 
The deep erosion levels and apparent uplift of Reunion .provide 
a unique opportunity to study the early history of an oceanic 
volcano. qonseouently, field—work was carried out on Reunion in 
1973 and 1974 and directed along the following lines:- 
1, Collection of a representative suite of specimens 
for petrographical, chemical and mineralogical 
work in Edinburgh. 
To map the extent of the Older Oceanite Series in 
the three cirques, and its relation to the over-
lying Younger Oceanite Series. 
To elucidate the relations of the lavas, breccias 
and intrusives of the Older Oceanite Series. 
4, Collection of a comprehensive suite of zeolites 
for further studies. 
The field—work has been suDplemented by petrographical,, 
geochemical and mineralogical studies at Edinburgh, which have 
elucidated much of the early volcanic evolution of Piton ds Neiges. 
10 
?.. 
TECTONIC SETPING OF REUNION 
Reunion is situated in a structurally complex part of the 
Indian Ocean. Only recent work has elucidated some of the features 
of the S.W. Indian Ocean and the reader is referred to the papers 
of Heezen and Tharp (1965 a, b, 1966), Fisher et al (1967). Fisher 
et al (1971). McKenzie and Sciater (1971)9 Sciater and Fisher (1974), 
Sohlich (1974) and Kutina (1975) for more detailed information. 
The following represents a summary of these authors' work relevant 
to Reunion, together with the present author's own interpretations. 
Fig. 2,1. shows that Reunion is built on old oceanic crust 
of anomaly 28 (68.5 m.y,).. Schlich (1974) has shown that the 
island is sandwiched between several N.E. 	S.W. trending fracture 
zones which offset the magnetic anomalies in a right lateral sense. 
Passin S.E. of Reunion and Mauritius is the Mauritius trench, a 
major tectonic structure running S.W. for some 1400 1oT North-
west of Reunion the Mahanoro Ridge (Schlich,. 1974) separates the 
Mascarene Basin to the north from the Madagascar Basin containing 
Reunion to the south. Kutina (1975) has suggested that much of 
the Mascarene Basin has a basement of continental crust, a remnant 
of a previous Madagascar—Seychelles subcontinent between the East 
Coast of Africa and.the Central Indian Ocean ridge.. However, the 
results of the Deep Sea Drilling Project provide evidence of the 
oceanic nature of the crust north of the Mahanoro ridge in the 
M.ziscarene Basin (Site 239) and north of Madagascar in the Somali 
Basin (Site 240). 
The N.E . - S.W. trending fractures passing north and south 
of Reunion were generated between anomalies 21 (circa 54 - m.y.) 
and 33 (circa 76 m.y.) during the rapid drift of India northwards 
at rates from 16 cm./yr. to 7 cm./yr. McKenzie and Solater (1971) 
FIG. 	11-1  
Magne±c,iationsin the Indian Ocean after Schlich (1914) 
The aia1 magetic anomalies are shown by thick heavy lines offset 
by fracture zones (dashed lines). The numbers refer to identified 
magnetic anorralies accordiiig to Heirtzler et al (1968) time scale. 
The iaeitificab.ons north of. the Mascarene Islands are from 
McKenzie and SLiater (1971); south of 20°S from Scüich and Patriat 
(1971 a b, c) arid Schlich (1914). The results given in the 
-Crozet Basin ae trovisiona1 .(Schlich, in prep.). 
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suggest rapid movement was taken up along the Chagos and Ninety-
East fracture zones which at that time were both active transform 
faults. Between.anomalies 17 (43m.y.) and 2104 m.y.), there 
was a marked slowing down of the Indian plate and only very slow 
movement along the proposed Chagos fracture zone. It was at this 
time that Australia started to drift away from Antartica resulting 
in a change in spreading direction in the southern Indian Ocean 
from N.N.E.. - S.S.W. to N.E.. - S.W. Anomalies 21 (54 m.y.) to 
6 (20 n.y.) have not been recognised anywhere in the Indian Ocean 
west of the Ninety-East Ridge. McKenzie and Sciater (1971) suggest 
that during this interval the volcanic foundationof the Chagos-
Laccadive Ridge and the southern portion of the Mascarene Plateau 
were extruded during a cessation of movement along the postulated 
Chagos fracture zone0 Then between anomalies 5 and 6 in Miocene 
times, spreading recornmenced in the area in a different N.E. - S.W. 
direction. The Chagos fracture zone was no longer parallel to 
the direction of relative motion, and therefore broke up into a 
series of ridge segments joined by transform faults. Spreading 
has continued in this direction to the present day. 
However, in the light of the recent magnetic data from the 
Deep Sea Drilling Project. (Schlic'h, 1974), several modifications 
appear necessary to the original model of McKenzie and Sciater 
(1971). The new data suggest that the Chagos Fracture zone never 
existed as a single transform fault with a 2,500 Ion, offset, but 
as a series of several smaller faults connected by short intervening 
ridge crests. The crucial anomalies for this interpretation are 
anomalies 23 - 32 mapped by Schlich (1974) in the Madagascar Basin. 
These anomalies extend much further to the north-west than originally 
envisaged by McKenzie and Sciater (1971) and have calculated spreading 
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rates almost identical with -those in the central Indian Ocean. 
It therefore seems probable that more transform faults existed 
westof the "Chagos Fracture Zone" during the rapid nocthwards 
drift of India. and that all these had smaller offsets than the 
one postulated offset of- 2,500 km. on the 'Chagos Fracture Zone" 
Fig. 2.2a is the original reconstruction at 51 m.y. B.P. from 
McKenzie and Sciater (1971) and Fig. 2.2b is the proposed alternative 
model based on the recent data from the Deep-Sea Drilling Project. 
Given this new evidence, it seems unlikely that the Mascarene 
Plateau and Chagos-Laccadive Ridge were generated by leakage a'ong 
a large Chagos transform fault. However, the form of the Mascarene 
Plateau which consists of a number of shallow submarine banks 
rather than a continuous submarine plateau could indicate leakage 
along several smaller transform faults separated by short intervening 
ridge crests as shown in Fig. 2.2b. Clearly more detailed inform-
ation i_s needed of the structure and age of the oceanic crust in 
this part of the Indian Ocean. 
The minimum inferred age for the Mascarene Plateau of 20 m.y.. 
does not correlate with the younger agcs of both Reunion, and 
Maurjtius. The initiation of the Mauritianvolcanic pile from the 
sea floor is dated at approximately 12 m.y. (McDougall and Chamalaun, 
1969). and the oldest datable rocks of Reunion are 2 m.y. Lay-as of 
the Older Oceanite Series are undoubtedly more ancient, but due to 
their state of alteration cannot be dated. The :a-pparently young 
ages of Mauritius and Reunion suggest that more recent tectonic 
lineamen-ts may have exerted some influence on the distribution of 
these volcanic centres. 
The youngest tectonic feature in the Indian Ocean is the 
S.W 0 Indian Ocean Ridge. This is spreading slowly at rates of less 
FIG',. 2.2a 
Schematic diagram of Central Indian Ocean in Eocene (51 m.y.). 
Interpretation of McKenzie and Sciater (1971). 
Revised interpretation. 
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than 1 cm./yr. in a N. - S. to N.N.E. - S.S.W. direction and 
is offset by many N.N,E. 	S.S.N. trending fractures. These 
fractures have probably exerted some control over volcanism on 
Mauritius, where after a quiescert period of 1.2. m.y., activity 
recommenced 0.7 m.y, ago with eruptions from small coalescing shield 
volcanoes aligned in a N.NE. - S.S.W. direction through the centre 
of the island. However, Reunion shows no evidence of structural 
lineaments of this age, so it is concluded that these recent 
fractures have exerted little influeice over volcanism on the island. 
The Mauritius Trench was first recognised. by Fisher et al 
(1967) as a N.E. - S.W. trending feature passing S.E. of Mauritius 
and Reunion'. Subsequently it. has been found by McKsnzie and Sclater 
(1971) to be a fracture zone offsetting magnetic anomalies 23 - 32, 
By these accounts it should be an ancient.feature associated with 
the rapid drift northwards of India in Cretaceous to Tertiary times. 
ifowever, Fisher et al (1967) have suggested it is also a recently 
active feature. and may have been responsible for graben formation. 
and localisation of volcanism on Reunion and Mauritius. Parallel 
to the Mauritius Trench, the Mahanoro Ridge ilinning north-west of 
Reunion and Mauritius exhibits similar youthful features, although 
its trend is inherited from Late Cretaceous times when it was a 
transform fault offsetting anomalies 28 33. The renewed activity 
of these two fracture zones is interpreted by the author as a 
change to normal vertical faults forming a horst with grabens let 
down to the north-west and south-east. This would agree with the 
toogranhy of the ocean floor in this area and. with the evidence of 
uplift on Reunion island (Upton and T1adsworth 197 2 ), in contrast to 
the normal pattern on'Hawaiian islands of subsidence due to loading 
of the. oceanic crust by the volcanic pile. Further evidence of 
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late Pliocene/Pleistocene uplift in the S.W. Indian Ocean is 
provided by, the Deep Sea Drilling Project drill hole on the 
Madagascar Ridge. Results show a 27 m.y. hiatus iit sedimentation 
between the early Eocene and Miocene. During this time subsidence 
of the sea floor occurred, allowing the formation of almost totally 
planktonio, deep—wer, biogenic sediments in the Upper Miocene/ 
fi.iocene. Then during the late P].iocene/P].eistocene, a considerable 
uplift of the ridge to its present depth of 1000 metres took place 
(SohlThh et al, 1974). This uplift was probably controlled by the 
continuation of the Nauritius Trench and Mahanoro Ridge south—west-
wards into the Madagascar Ridge  
23 
3, GENERAL GEOLOGY OF THE OLDER OCEANITE AND YOUNGER 
OCEANITE SERIES 
3.1. INTRODUCTION 
Most of the present research has been concentrated in the 
three cirques of Salazie, Cilaos and Mafate in the central area of 
Piton des Neiges. These formed through extreme amphitheatre—headed 
valley erosion (Uptonand Wadsworth9 1966), and expose thick, up to 
2 lan. sections of the oldest rocks in the volcano. However, much 
of the geology of the three cirques still remains unithown due to 
the inaccessibility of many parts. The geologica]. maps of Bussiere 
(195 8 ) and Rivals (1950) show most rocks in the floors of the cirques 
as volcanic detritus, but Upton and Wadsworth (1966) noted the 
difference between the volcanic detritus of recent avalanche and 
lahar material, and the superficially similar breccias of the Older 
Oceanite Series which are riddled with minor intrusives. 
The present work has involved a detailed study of the Older 
Oceani -te Series and determining its extent and relationto the 
overlying Younger Oceanite Series. The new geological map of the 
three cirques (back inset) is a compilation of the author's own 
observations together with published work a: id unpublished notes of 
Upton and Wadsworth. 
3.2. OLDER OCEANITE SERIES 
A. ThRODUCTION 
The Older Oceanite Series was originally defined, by Upton' 
and wadsworth (1969) as a faulted and altered series of picritic 
and divine basalt lavas, breccias and intrusives unconformably 
underlying the undeformed Younger Oceanite Series of olivine basalts. 
The term Circiue Agglomerate (Upton and Wadsworth, 1965) was 
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abandoned in favour of Older Oceanite Series because of the 
abundance of lavas and intrusives as well as fragmental rocks. 
B. GENERAL FIELD DESCRIPTION 
Upton and Wadsworth (1970)  have described the general field 
relations of the Older Oceanite Series and associated intrusives. 
The Series is characterised by a great sequence of fragmental rock, 
intimately associated with a suite of lavas displaying lobate 
structures of a kind not shown by the overlying lavas, nor by the 
lavas of Piton de la Fournaise. It. is thus. a mixed sequence of 
lava, intrusive material and volcanic breccia to. which no substratwn 
is recognisable. All the rocks have been subjected to low grade 
metamorphism usually in the zeolite facies but increasing, to the 
lower greenschist facies in the deepest eroded parts in the Cir .ue 
de Cilaos. 
C . STATEMENT OF PROBLEM 
The main problem is the interpretation of the eruptive 
conditions under which the Older Oceanite Series accumulated. 
Upton and Wadsworth (1970) believe the original composition of 
these older rocks was essentially identical to those of the 
undisturbed Younger Oceanite Series. If this is the case, then the 
high proportion of volcanic breccia associated with thin lobate 
lava horizons signifies different conditions of eruption for each 
Series. The authors have tentatively interpreted the Older Oceanite 
Series as the product of a late stage in the submarine or pre-
emergent phase in the evolution of Reunion. The evidence for and 
against this theory is considered in this chapter. 
D. LAVAS 
The lavas in the Older Oceanite Series show several features 
which are not typical of .subaerial eruptions, but are more consistent 
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with a subaqueous environment. Upton and Wadsworth (1970) noted 
the extreme thinness, of individual lava units (circa - m.) and the 
existence of lobate forms separated, from their fellows by thin red 
or blackened partings. IndIvidual flow—units generally show concave 
lower surfaces as a result of moulding on the underlying masses, 
with broadly domical upper surfaces (Plate 3.1.). In these respects 
they show a broad resemblence to pillow lavas, but differ from 
tru.e. pillows as defined by MaóDonald (1967) in a number of aspects. 
These are:- 
Development of tabular lobate units some with 
highly irregular shapes '(Plate 3.2.). 
Absence of radial structure and development of 
concentric banding due to relative concentration 
of spherical amygdales and lava matrix (Plate 3.3.), 
3, Occasional, hollow centres to some lobate units0 
• These are more indicative of pahoehoe toes 
and not of completely separate pillows. 
Distinct ropy surfaces in thin lobate units. 
High original vesicularity of all the lavas. 
General absence of sedimentary material filling 
interstices between units. 
However, none of the above features can be used byHtself 
as criteria against a subaqueous origin. Indeed, all of the 
characteristics of the Older Oceanite Series have been demonstrated 
to occur in lavas of definite subaqueous origin. For example, 
concentric structures are well—defined in the classic pillow lavas 
of the Tayvallich area described by Holmes (1965, Pge 297 9 FIg. 211). 
Moore et a]. (1971), in an underwater study of a Mount Ena flow, 
recorded extremely elongate "pillow's structures on steep submarine 
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PLATE 3.1. 
Lobate lava units showing concave lower surfaces and domical upper 
surfaces. Riviera. du Mat, below Piton dEnchain, Cirque cle Salazie. 
PLATE 32. 
Thhular loba-te units 'c' ing highly irregular. hps The photo-
gaph (from Upon and Wadsworth, 1970 ) is one of a loose boulder with 
the lavas inverter1 	Light—co1ourcd zones are rich in zeolie—filled 












Lobate lava units showing concentric banding due to relative 
concentration of spherical amygdales and lava matrix. Riviere de 
Galets, Cirque d.e Mafate. 
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 to vertical. On the shallower slopes they 
observed ropy surfaces of pahoehoe—type wrinkles, proving that 
these features which are so characteristic of subaerial pahoehoe 
flows can also develop in subaqueously chilled lava flows. Central 
cavities have been recorded in pillows from Hualalai, Hawaii (Moore, 
1970). JOnes (1969) mentioned the low vesicularity of subaerially 
erupted lavas which have flowed into the sea forming pillows, and 
contrasted them with the more vesicular pillows formed by shallow 
subaqueous eruptions. In addition, Carlisle (1963) showed that 
"pillows" could be highly irregular in outline, and specifically 
mentioned the existence of lobate forms 0 Thus there seems no 
compelling reason to doubt that many features thought to be typical 
of subaerially erupted lavas, cannot be present, given the right 
conditions, in subaqueous lava flows. 
On the contrary, the Older Oceanite Series does show some 
positive characteristics of a subaqueous origin. In particular 
the lobate lavas show the distinct remnants of a glassy crust. At 
one locality in the Circue de Cilaos, an original thin rind of 
bright yellow palagonite and black sideromelane is preserved round 
thin lobate units (Plate 3.4.). Elsewhere much of the glass.has 
devitrified, although the initial textures in the lobate rims are 
well—preserved. One can recognise in them the same relations found 
in the rims of much younger non—devi -trified pillows. Rims of 
typical loba-te units are 1 - 2 cm. thick and. consist largely of 
d.evitrjfjed sideromelane on the outside which passes into 	- 
merocrys -talline lava in the body of the lobate unit. 
The complete sequence, when present, from base to top in an 
individual lobate unit is as follows:- 
1. Basal chill zone often with pipe amygdales (Plate 3.5). 
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PLATE 3.4. 
Thin rind, of bright yellow palagoni -te and black sideromelane around 
lobate unit below Petit Serre, Cirque de Cilaos. 
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Middle zone with (altered) olivine and 
occasional clinopyroxene and plagioclase 
phenocrysts set in a fine—grained groundmass 
of (altered) oliivine, clinopyroxene, plagioclase 
and ore. (Plate 3.6.) 
Dark, originally glassy zone showing spherulitic 
textures of plagioclase crystallites (Plate 3.7). 
Brecciated zone disolaying spherulitic texturea. 
The amygdales show fine—grained chilled margins 
and are filled with small angular glassy frag-
ments (Plate 3.8.). 
Transitional zone from opaque glassy material 
to clusters of radiating brown birefrigent 
spherules less than 0.1 mm. across. The soherules 
themselves are often brecciated into angular 
shards (Plate 3.9)0 
Transition from brown spherules to light brown 
almost isotropic sicleromelane. (Plate 3.10.) 
Thin rind of bright yellow to yellow—orange 
isotropic palagonite showing conchoidal fracture 
(Plates 3.4 and 3.11). 
Calcite crust less than 0.2 mm. thick of possible 
organic origin (Plate 3.12), 
The complete sequence is not preserved in every lobate unit. 
In particular zones 6 and 7 are usuallT absent as the original glass 
is invariably devitrified with the development of a variolitic 
texture. The calcite crust has also been observed in only two 
specimens However, the develo -oment of chilled rims, soherulitic 
texture and brecciation of outer rims to small "glass" shards has 
31 
PLATE 3.5. (x 40) Plane Polarised Light 
Dark, almost black chill zone around nipe amygdale (left half of 
photo). 
PLATE 3.6. (x 65) Plane Polarise4 Light 
I4iddle zone of lobate lava unit showing chioritised olavine 
phenocryst (in centre) in groundmass of clinopyroxene and altered 
plágioclase, olivine, glass and ore. 
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PLATE 3.7, (x 65) Plane Polarised Light 
Spherulitio texture of tlagioclase rnierolitee. 
PLATE 3.8. (x 40) Plane Polarised Light 
Glassy franents in axnygdale. 
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PLATF 3.9. (x 150) Plane Pol'ised Light 
Brown birefrigent sheru1es and piagioclase microlites in lobate 
lava. 
PLAP1 3.10. (x 240) Plane Polarised Light 













3.11. (x 150) Plane Po1rised Light 
Yellow palagonite 	oig eoriehoi±1 fr;ur 	enclning 
olivine ThenOOrSt$. 
PLAP 	3.12. (x 150) Plane Polarised Light 
Calcite crust on sideromelane chill zone of lobate lava. Above is 
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been observed in nearly all lobate units. Other common features 
are the concentration of olivine phenocrysts towards the base 
of each flow unit and the extreme thinness of the flows 9 which-
are generally less than -- m. thick. 
E. BRECCIAS 
i) Autobreccjas 
Autobrecciated tops to thin lava flows have been recognised 
in the upper reaches of the Bras Rouge, Cirque de Chaos, and also 
in the Riviere du Mat-and Riviere des Fleurs Jeunes, Cirque de 
Salazie. Although individual flow units are less than - m. thick, 
they show conspicuous differentiation into olivine-rich bases and 
amygdale.-.rich tops. Clasts in the autobreccia horizons are entirely 
of vesicular olivine basalt ranging in size from 1 to 25 cm. Clearly 
they have formed by disruption of the upper vesicle-rich parts of 
individual lava flowsSorne ciasts which have split apart along 
fractures, lie close together separated by matrix which appears to 
have flowed into the cracks (Plate 3.13.). Other clasts show 
gradational changes in amygdale size (Plate 3.14.), and differen-
tiation into arnygdale-rich and olivine-rich zones (Plate 3.15.) 
similar to the upper and lower parts of the lava flows. The 
fractures in the clasts must have formed after vesiculation and 
solidification of the main body of lava, but before final compaction 
and consolidation of the entire tuffaceous matrix. Thus, fracturing-
and brecciation appear to have been the result of vigorous motion 
in the upper part of the lava unit more than of explosive activity. 
Many clasts show chilled margins, glassy fraients and spherulitic. 
textures similar to the lohate lavas described previously. Lateral 
and vertical transitions from lavas with close-packed lobate units 
(Plate 3.1.), to isolated lobes (Plate 3.2) and finally to 
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PLATE 3.13. 
Clast in autobreccia. Bras Rouge, Cirque de Chaos., 
For explanation see text. 
PLATE 3.14. 
Clast in auto'oreccia showing gradational change in arnygdale size. 












PLATF 3. 15. 
Clast in autobreccias showing amygdale—rich toD and olivine—rich 
base. Bras Rouge, Cirque de Cilaos. 
PLATE 3.16. (x 65) Plane Polarised. Light 
Albitised matrix of autobreccia consistin of altered brovn glass 
fragments and divine. Bras Rouge, Cirue de Cilaoi. 
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breociated lobes similar to the autobreccias described above have 
also been observed in the three cirq,ues. The change is entirely 
gradational with nothing to indicate that the isolated or brecciated 
lobes are intrinsically different in their origin from the close-
packed lobes in the lavas. It is therefore concluded from the 
above evidence that in situ brecciation of a lava flow during 
eruption could account for all the observed features of the auto-
breccias. 
In hand specimen 9 the matrix between the clasts is apparently 
composed of dark brown fragments in a light grey mesostasis. 
Microscopically, the dark brown fragments are of altered glass and 
mineral fragments, while the light grey mesostasis is composed mainly 
of alteration products; chlorites, clay minerals and zeolites or 
albite depending on grade of metamorphism (plate 3.16). There is 
no suggestion of bedding, grain size gradation or other sedimentary 
structures. Angular glass fragments have apparently broken from 
larger clasts, since they are more abundant in the matrix near to 
clasts6 Amygdales are also present and often filled with glass 
shards. 
ii) Scree Breccias 
Breccias in the gorge of the Riviere des Galets below La 
Nouvelle, Cirque do Mafate, consist predominantly of zeolitised, 
amygdaloidal olivine basalt clasts similar to the autobreccias 
described above, except that they are not associated with thin lava 
flows. Indeed the exposed section of 600 m. contains only one 
lava horizon. The breccias are limited in extent to a 2 1. stretch 
in the river gorges and there is a general lack of int.rive 
material either as clasts in the breccia, or as sheet—swarms which 
usually characterise the 'Older Oceanite Series. The predominance 
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of one clast type, limited extent, and lack of intrusive material 
would suggest the breccias have originated by deposition on scree 
slopes, although an origin in a volcanic vent cannot be excluded 
from consideration. 
iii) Explosion breccias 
The most abundant breccia material in the three cirques 
consists of unbedded, unsorted fragmental material with rounded 
to sub—rounded clasts of amygdaloidal basalt, and more angular 
clasts of relatively fresh compact basalt interpreted as fragments 
of minor intrusives (Plate 3.17). The breccias form the lowest 
visible horizon in the cirques and. usually outcrop below the lobate 
lavas. Clasts exceeding 1 m. across are uncommon and most of the 
fragments are under 20 cm. in diameter. The hyaloclastite matrix 
of the autobreccias is not present, although small devitrified glass 
fragments are randomly scattered throughout the matrix Coarser-
grained clasts of dunite) serpentinite, wehrlite and gabbro occur 
sporadically throughout the breccias, and are presumably derived 
from large intrusive bodies. The variety of clasts together with 
the fragmental matrix and unsorted nature indicate an explosive 
origin for the breccias. 
BEDDED PUFFS 
Occasional bedded tuff horizons occur in the main seouence of 
unbedded breccias of inferred explosive origin (Plate 3.18). The 
tuffs are up to 5 m. thick and consist of coarse and fine material 
which is crudely graded in units - m. - 1 m, thick showing coarser 
grains at the base, with drapes and fine laminations at the top of 
each unit. 
CONDITIONS 0-7ORIGIN OF LAVAS AND BRECCIAS 
A subaqueous origin for the lobate lavas is favoured by the 
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PLATE 3.17. (from Upton and Wadsworth, 1970) 
Older Oceardte Series expiosior1 breccia showing clasts of amygdaloiclal 
lava and anilar non—amygdaloidal clasts believed to be derived from 
minor intrusives. Bras Rouge, Cirque de Cilaos. 
Coin is approximately 3 cm. diameter. 
'LATE 3.18. (from Upton and Wadsworth, 1970) 
Bedded tuffs of Older Oceanite Series, out by basic intrusive sheets. 
Bras Rouge, Cirque de Cilaos. 
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abundant evidence of rapid quenching in the form of soherulitic 
textures, devitrified palagonite and sideromelane rims and 
hyaloclastites. The gradational continuity from lobate lava to 
autobreccias also points to a subaqueous origin. The widespread 
occurrence of the lobate lavas and autobreccias in the three cirques 
suggests a large aqueous medium in which eruptions could take place. 
A submarine environment is o.referred to lacustrine conit:ions 
(e.g. in a large caldero lake), as there is no cliscernabic field 
evidence to indicate the latter. The high initial vesicle cuntent 
in the lavas and clasts in breccias suggests a shallow water origin, 
as vesicle content is biown to decrease with depth of ubaoueous 
extrusion due to the presure exerted by the overburden column of 
water (ioore and Schilling, 3973). The transition from opaiiue 
glass to devitrified sideromelane in the lobate rims and the 
appearance of radiating brown sherules is remarkably simflar to 
that described by Carlisle (1973) in ancient pillows and nillow-
breccias from Quadra Island, British Cohunhio. The fact that oiilo 
lavas of more familiar form (;acDona1d, 1967) did not develop in 
the Older Occanite Series, may be due to the extreme fluidity of 
the lavas on ermtion, as indicated by the thinness of the flows, 
their tabular form and well-defined differential settling/flotation 
of olivine and gas bubbles in individual lobate units. The latter 
feature has also been observed in elongate pillows of Icelandic 
basalts, where viscosities as low as 350 noises have been inferred 
(T.atthews et al, 1964). ioore et al (1971) showed that elongate 
pillows could develop by flow of leva dom aLee si'lm-rine slopes. 
A change in slope also affects the form of lava flops in the Older 
Oceanite Series, where incrase in gradient ciuses the lava flows 
to change from lobate forms to irregular isolated lobes to 
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PLATE 3.19. 
Shee1—swarrn. Riviera des Pleurs Jaunes, Cirquc de Salazie. 
PLATE 3.20. (from U±on 	Tasort!, 1970 ) 
Intriôte T)Ieyuc of irregu1rr shcots in 0idr 0ccanite 	ris breccis. 
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autobrecciated lavas. 
The similarity in clast composition between the autobreccias 
and inferred scree breccia material suggests the latter is also of 
submarine origin. Submarine scree slopes are thought to exist 
under many oceanic islands and on seamounts (e.g. Mapatone et al, 
1975; Nayudu, 1962), and a similar origin might be envisaged for 
the Reunion scree breccias. 
There is no direct evidence for the explosion breccias being 
of submarine origin, apart from their association with the auto-
breccias and lobate lavas. The sporadic laminated tuff a within the 
breccias are the only indications of possible water sorting and 
accumulation in a subaaueous environment. Upton and Wadsworth (1970 ) 
noted the clasts of olivine basalt in the breccias were essentially 
similar to the lavas of the Younger Oceanite Series, which have 
generally erupted cuietly as have the lavas of Piton de la Fournaise 
Indeed it is unusual for ocean island shield stage basalts of 
tholelitic or transitional tholeiitic composition to be involved in 
widespread subaerial explosive eruptions. However, explosive 
eruptions occur when basalt maia is extruded into shallow water less 
than 500 m. in depth (NcBirney, 1963). Menard (1964) considered 
that in submarine volcanism the amount of fragnental material will 
increase as sea—level is aporoached. Nayudu (1962) found dredge 
hauls from sea—mounts in the Gulf of Alaska to consist predominantly 
of volcanic breccia, and Thoraninsson 1967) believes that Surtzey 
volcano consists of a submarine basement of palagonite breccia and 
pillow lava, capred by a subaerial lava dome. Similar structures 
have been irferred for large oceanic volcanoes (Moore and Fiske, 
1969). Therefore the Older Oceanite Series lobate lavas and breccias 
are interpreted as a rare example of the submarine shield—building 
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stage of evolution, preserved now up to 1900 m. above sea—level 
as a result of uplift. 
MINOR INPRIJSIVES 
The Older Oceanite Series volcanic rocks are out by a great 
variety of intrusive rocks which orosscut each other and are 
clearly of different ages of intrusion. Upton and Wadsworth (197 0 ) 
assigned the sheared intrusives to the Older Oceanite Series, while 
the fresher, unsheared, basic intrusives were assigned to the 
Younger Oceanite Series. The early intrusivés are basic to ultra-
basic in composition and have undergone the same hydrothermal 
alteration as the extrusives. In the lavas the intrusives have 
found easy access between flow units forming sheet swarms with 
suocessive sheets injected conformably with their predecessors 
(Plate 3.19).  However, due to the general lack of coherence and 
bedding in the breccias, thp intrusives are in the form of an 
intricate plexus of irregular sheets (plate 3.20). 
In contrast to the haphazard dips of the lavas and breccias, 
the Older Oceanite Series intrusives generally show a preferred 
orientaiic.n, striking in a N. - S. direction in the Cirque de Salasi.e 
and changing to a N.N.E. - S.S.W. direction in the Cirque de Cilaos 
(Fig. 3.1). In the Cirque de Salazie there is evidence of 
contemporaneous igneous and tectonic activity, as many sheets parallel 
shear zones striking in a N. - S. direction. 
1AJOR INTRUSIVES 
Several large sheared intrusive bodies of inferred Older 
Oceanite Series age have been recognised in the deeper eroded parts 
of the cirques. The largest is a faulted mass of rhythmically 
layered.gabbro at least 300 m. thick which outcrops in the Riviere 
du Mat below Ilet de la Mare d'Affouches, Cirque de Salazie, Upton 
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FIG. 3.1. 
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and Wadsworth (1970 ) believe the gabbro is a fragment detached from 
a mueh larger body at depth during the upheaval of the Older 
Oceanite Series. No intrusive contacts are seen, as the country 
rock has been obscured by younger, unsheared sheets of inferred 
Younger Oceanite Series age which also cut the layered gabbro. 
Evidence of a tectonic emplacement is. indicated by the high degree 
of mylonitisation which parts of the gabbro have suffered and the 
total lack of any facies remotely resembling a marginal contact 
zone. Moreover it is unlikely that such strong layering would be 
found in small and therefore relatively fast chilled gabbroic 
intrusives. 
J. STRUCTURE 
Dips in the Older Oceanite Series lavas and breccias range 
from horizontal to vertical with no consistent strike directions. 
The south-westerly dip of the lavas of the Piton d'Enchain massif 
in the Ciroue de Salazie has been used to show the overall pattern 
in the Older Oceanite Series of dips to the south and south-west 
(Upton and Wadsworth, 1970 ). However, field-work carried out by 
the author in 1.973, revealed that Piton d'Enchain is composed 
entirely of Differentiated Series lavas, breccias and welded tuffs ç 
so obviously cannot be used in interpreting'the structure of the 
Older Oceanite Series. It is concluded that the Older Oceanite 
Series lavas and breccias show no overall pattern of dips and 
strikes. 
Shearing has affected all the Older Oceanite Series rocks to 
some degree, but it is more pronounced in the Ciroue de Salazie than 
elsewhere. Here, shear zones trend in the same N - S. to N.N.E. - 
S.S.W. direction as the minor intrusives. A different pattern of 
faulting is displayed in the southern part of the Cirque de Cilaos, 
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where small E. - W. striking faults with maximum displacement of 
one metre transect the country rocks and associated intrusives. 
3.3. EVIDENCE FOR AN UNCOPFORMIPY. BETWEEN OLDER OGEANITE 
AND YOUNGER OCEANITE SERIES. 
Evidence for an unconformity is provided by the haphazard 
dip directions and occasional very steeply dipping lavas in the 
Older Oceanite Ser: Les, compared to the overlying Younger Oceanits 
and Differentiated Series, which are generally not faulted and dip 
radially away from the summit region at angles not normally greater 
than 15
0 
The exposure below Piton des Epinards, Cirque de Mafate, shows 
an interesting horizontal contact of fresh, subaerial olIvine basalt 
aa flows of the Younger Oceanite Series, underlain by unsorted, 
zeolitised, fragmental material composed of vesicular fire—grained 
and glassy basalt (plate 3.21.). The contact may be followed in a 
N. - S. direction at the same height of approximately 1350 m, for 
a distance of over 6 km., suggesting that the lavas were erupted 
on to a level surface of older rocks. The brecciated material 
below the contact is up to 100 m. thick and resembles breccias 
of the Older Oceanite Series except that nearly all the fragments 
are small (<io cm.) and of fine—grained glassy basalt. Below the 
fine—grained breccias are scree breccias and lobate lava horizons. 
The sequence described is similar to the inferred volcanic 
substructure, of Hawaii (Moore and Fiske, 1969) and to the table 
mountain trpe structures of Iceland, formed by sub—glacial eruptions 
of basaltic lava (Jones, 1966). In both cases subaerial lavas are 
built on a platform of hyaloclastites underlain by pillow lavas andl. 
pillow fragments often covered by scree material. The hyaloclast.ites 
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PLATE 3.21. 
Horionta1 oont.act of subaerial aa olivine basalt flows on breccia 
material believed to be. of submarine origin. 
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have been interpreted as the products of shallow water explosive 
eruptions at depths from 500 in. to the surface, while the pillow 
lavas have been produced at greater depths where high water pressures 
inhibit explosive eruptions (TIcBi.rney, 1963). In addition, the 
transition between subaqueous and subaerial eruptions is marked by 
a zone of flow—foot breccias and lava deltas, produced by the flow 
of lava from air into water. 
By analogy with Hawaii and Iceland then, the contact below 
Piton des Epinards is interpreted as the boundary between submarine 
breccias of the Older Oceanite Series, and subaei'ia1 aa flows of 
the Younger Oceanite Series. However, the absence of a transition 
zone between submarine and subaerial eruptions would. indicate that 
erosion and uplift of the Older Oceanite Series has occurred before 
subaerial eruption of the Younger Oceanite Series lavas. 
3.4. YOUNGER .00EANITE SERIES. 
INTRODUCTION 
The Younger Oceanite. Series of olivine basalts outcrops in 
the walls of each cirque and also forms several upstanding massifs, 
the largest of which is La Montagne in the north of Reunion. The 
region around. Cap la Houssaye marks the site of a subsidiary vent 
which erupted explosively late in Younger Oceanite Series times, 
0.44 M.Y. B.P. (McDougal3 1971a). The lowest horizons in the 
Younger Oceanite Series have with the Older Oceanite Series under 
gone low—grade metamorphism in the zeolite facies. The thickness 
of the entire Series is est.imated to be a maximum of about 1,000 in. 
LAV,AS 
By far the most abundant material in the Youiger Oceanite 
Series is olivine basalt lavas, which in contrast to those of the 
Older Oceanite Series show no evi1cnce.of rapid quenching. They 
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are typira11y subaerial in all aspects displaying both pahoehoe 
and aa flow structures. Individual flows are usually less than 
4 m. thick, although considerably thicker horizontal units have 
been observed from a distance near the centre of the volcano. 
C • AGGLOMERATES 
The subsidiary vent at Cap la Houssaye exposes agglomerates 
containing a variety of fragmental material including nodules of 
a dunite—wehrlite—gabbro suite. A large 40 m. thick dyke—like 
oceanite body in the centre of the massif branches at the top into 
smaller o.ceanite dykes, and probably represents one of the main 
feeder channels to the surface (Plate 3.2?), 
D. PALAGONITE BRECCIA 
Yellow, palagonitised, hyaloclastite breccias have been 
recognised on the coast at Pte. de Gouffre in the 2 m.y. old La 
Montagne massif. They apparently occupy a rrowned river channel 
exDoed in a 30 m. high cliff section and are intercalated with 
thin pahoehoe lava flows. Chalcedony is dispersed throughout the 
matrix of the hyaloclastite. At the top of the section, another 
brownish hyaloclastite cross—cuts and overlies the yellow, 
palagonitised hyaloclastite. The former shows distinct bedin.g 
dipping about 20
0 
 seaward to the N.N.EO, and. is sirilar to the 
hyaloclastite delta foreset beds described by Fuller (1931) and 
Purnes and Friedliefssoi (1974) in the transitional zone when 
subaerially erupted lava flows into the sen. The deposits which now 
outcrop about 30 m. above sea level, could have formed when the 
sea level was highQr than at the present day. However NontggionI 
(1973) believes that the sea level in the. Indian Ocean has been no more 
than 10 m. above its present level during the last 2 m.y. Acceptin.g 
this statement, a small uplift of 20 metres is sugges -ted for this 
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PLATE 3.22. 
Large oceanite body probably forming main feeder channel for Cap 
la Houssaye agglomerates. Width of photo is approximately 40 metres. 
PLAPE 3.23. 
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part' of Reunion. T4cDougall (1971a)  has dated 1 m.y. old lavas 
presumably filling valleys in the older 2 m0y. old La !4ontagne 
massif. It seems likely then, that the Pte. de Gouffre palagonite 
brecciás and hya].oclastites were also formed about 1 m.y. B.P. 
E. INTRTJSIVES 
The Younger Oceanite Series basaltic and picritic minor 
intrusions are similar in thickness, attitude and distribution 
to those of the Older Oceanite Series, but are not sheared and 
generally less, altered. The La Montagne massif is intruded by a 
radial dyke swarm which converges near to the summit, of Piton des 
Neiges. Huge lava tubes showing radial jointing have been observed 
on the St. Denis—La Possession coast road and these were 
undoubtedly shallow level feeders to eruptive vents (Plate 3,23). 
In the cirques:the intrusions often take the form of sheet swarms 
intruded parallel or sub—parallel to lava flows. Towards the 
centre of Piton deNeiges the pattern is more obscure and 
intrusions often follow older lines of the Older Oceanito Series 
intrusions (Fig. 3.2.). 
35. DIFFERENTIATED SERIES 
The geology of the Differentiated Series is beyond the scope 
of this thesis, as only the early volcanic rocks of the Oceanite 
Series are under consideration. However, the geology of the 
Differentiated. Series rocks around Piton d'Enohain, Cirque d.e 
Salazie will be briefly discussed, as they were previously thought 
to be of Older Oceanite Series age (Upton and Wadsworth, 1970). 
Analyses of the lavas...around Piton d'Enchain show they are alkali 
and Si—rich with a mugearite—trachyte tiel typical of the 
Differentiated Series (Fig -. 3,3.). Subsequent mapping has shown 
that most of the area between the Rivieres des Fleurs Jeunes and 
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FIG 32. 
Strike and dip of Younger Oceanite Series intrusions. 
) 
FIG. 3.3. 
Na20 + K 2  0 agains-t silica for rocks of Fiton d'Enchain, Cirque 
de Salazie. 
Dashed lines are Differentiation Index contours. 
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du Mat is composed of Differentiated Series lavas and breccias, 
or avalanche debris of similar composition. Faulting and 
brecciation is apparent in the gorge of the Riviere du Mat below 
Piton d'Enchain and is the first record of post Older Oceanite 
Series :structural deformation on Piton des Neiges. The dip of the 
fault planes is in the same south—westerly direction as the lavas 
and breccias and is unrelated to the N. - S. trending shear zones 
in the Older Oceanite Series below. The faulting suggests that 
Piton.'Enchain has been transported to its present • osition and 
suffered internal deformation en route. Moreover, the rocks can be 
traced further south—west up gradient towards Piton des Neiges to 
Diton Llesse. It is suggested then, that Piton d'Enchain and 
associated rocks originated high up in the summit regicn of Piton 
des Neiges and: recently became detached and slid under gravity to 
their present rosition as illustrated in the cross—section A -. A' 
of the geological map (back inset). 
3.6. StThThARY OF THE FIUTIVE HI9TOY CF PIT ON DS NEIGl.S 
The Older Oceanite Series iavas and 'oreecias were erupted 
into ashallow submarine environment where raid. accumulation did 
not allow sufficient time for reworking by currents. Eruptiors 
were urobably controlled by fissures trending in a N. - S. to 1T 0NS. - 
S.S.W. direction and consisted of extremely fluid olivine basalts. 
The lavas were either rapidly quenchecl forming sicleromelane rims 
or were brecciated in situ by the action of steam causing 
hyaloclastites to be formed. Otherwise erutisns were explosive 
yielding a high proportion of fragmentary rna.te..rial. 
Subsequently, the sequence of lvas and breccias has been 
uplifted above sea—level as a result of movements in the Indian 
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Ocean floor during Late fliocene/Pleistocene times. The 
suggested uplift of 1900 metres (i.e.. the highest outcrop of 
Older Oceanite Series rocks on Piton des Neiges) is in the same 
order of magnitude as the uplift of the Madagascar Ridge at this 
time (Schlich et al, 1974). Faulting and shearing accompanied the 
elevation and a layered gabbro was emplaced early during the up-
lift. 
The Younger Oceani'te Series lavas were then erupted on to 
probably faulted platforms of older rocks. The oldest visible 
eruptions are the 2 my. old aa lavas of the La 1ontagne massif 
(McDougall, 1971a). Lavas of comparable age have not been found 
elsewhere on the island, although the densely vegetated eastern 
flanks of the volcano have not been sampled in detail. Possibly 
the migration of volcanism south—east with time has left the massif 
as an isolated block in the north—west of the island. However, it 
is also more probable that the older rocks will be preserved on 
the north and west flanks of the volcano where' erosion rates are 
less than elsewhere. Later volcanicity was either in two phases 
at 1.2 - 1.0 and 0.55 - 0.43 m.y. B.P. as suggested 'by McDougall 
(1971), or was channelled mainly down the eastern flanks without 
significant pause in activity. A late subsidiary vent was established 
0944 m.y. B.P. at Cap la Houssaye on the north—west flank of the 
volcano. 
Finally 1 the Differentiated Series lavas and breccias were 
erupted on to an eroded surface of Oceanite Series rocks between 
0.35 and 0.07 in.y. B.P. (McDougall, ],971a). 
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4. PETROGRAPHY OF THE FRESH OCEANITE SERIES ROCKSO 
4.1. INTRODUCTION 
Petrographic details of the lavas, intrusions and inclusions 
together with a classification scheme are presented in this chapter. 
Modal data from the lavas and minor intrusives are given in Appendix 
D. Coombe (1963) classified the Oceanite Series 'oasalts on the 
basis of modal mineralogy, total alkali content and normative 
character, as transitional between tholeiitic and alkaline. This 
classification was corroborated by Upton and Wadsworth (1966), who 
further emphasized the overll similarity in original mineralogy 
and composition of the Older and Younger Oceanite Se:cies, although 
recognising their differehces in degree of alteration and: proportion 
of broccia material to lava flow. 
4.2. CLASSIFICATION 
The two generations of olivires (phenocryst and groundmass) 
in most Oceanite Series rocks, the absence of hypersthene or 
pigeonite and the occasional presence of normative neDheline suggests 
that both Series have alkalic affinities. A total alkalis against 
silica diagram (F{g. 4.1.) shows the Oceanite Series basalts straddle 
the Hawaiian boundary line between tholeiitic and alkali 'oasalts, 
with most of the analyses lying just to the tholeiitic side. This 
is in agreement with the existing data of Upton and 1adsworth (1966). 
The transitional nature of the Oceanite Series is further 
supported by projections from plagioclase in the normative basalt 
system Qz—Je—Di—01—P1ag (Fi'g. 4.2.). Since the rrojections are 
norm based, factors such as oxidation state a n d post-rnagrnatic 
alteration affect the .resence, a'osenoe or a'oundance of minerals, 
and therefore the position of the plotted points. Therefore only 
PlC. 41. 
Alkali—silica piot for fresh Oceanite Series basalts. Solid line 
indicates the boundary between Hawaiian tholeiitic and alkaline 
series, taken from YpcDonald and Katsura (1964). 
Open triangles are He normative compositions. 
Filled triangles are Oliv—Hyp normative compositions. 
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fresh rock compositions have been used, and the Pe 203 - values 
have been normalised to 1.5T, this being the average value of the 
least oxidised basalts (Upton 	asworth, 1966, 1972). The 
plotted com,ositions lie close to but predominantly to the olivine-
hyDersthene normative side of the critical plane of silica under-
saturation (01—Di—P1), which tends to be a thermal barrier at low 
pressures up to 8 kb. (Yoder and Tilley, 1962). 
The Oceanite Sries basaits are thus transitional basalts, 
and the predominance of olivine—hyoersthene normative types woild 
further classify them as transitional tholeiites. 
4.3. NOEC LAIJRE. 
Two main groups of basalts have been rocogn5sed, although it 
should be emphasized that they are comletely gradational. These 
are:- 
Oceanite b'salts (Pla;c 4.1.) 
These have greater than 20 by volume of olivinc 
phenocrysts (Fo90 - 33 ) and occasional phenocrysts 
of clinonyroxene and/or r1aioclase. The gmund-
mass consists of olivine, c1inoyroene, plagioclase 
and crc. 
Olivine la-lts (Plate 4.2) 
With decreasing olivine content, the oceanites pass 
into divine basalts containing phenocrysts of 
olivinc (Fo83 - 77 ) and rarer plagioclase (.n74 - 
and clinotyroxene. The groundmass is usually less 
divine—rich than the oceanite basalt grouncimass, 
and in more evolved corTmositions shows increased 
p1rgiocls .rith devdonrnent of flow alignment. 
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PLP 	A.I. (x Ar)) P1ne Polrised Litht 
Ocrn1te, 
PLAPE 4,2. (x Ao) Plane Polariseci Light 
Olivine basalt, 
01 	olivine 
opx = clinonyroxene 
p1 = plagioclase 
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The inclusions found in the Oceanite Series belong to a 
dunite—wehrli -te—gabbro suite and oôcur in lava, flows, minor 
intrusives and as clasts in agglomerates and breccias. Their 
size ranges from a few millimetres to 25 cms. in diameter. Upton 
and Wadsworth (1972) have reviewed the inclusion suite associated 
with the shield—forming basalts of Reunion and concluded that 
they originate from layered successions of cumulates lying within 
and beneath the two shield. volcanoes. 
1) Dunites (plate 4.3.) 
These constitute about 90% of the inclusions collected from 
the Oceanite Series and consist of olivine(P088 85 with 
smaller chromites and occsiona1 interstitial plagioclase and 
clinopyroxene. Grain sizes average between 1 and 5 mm. Some 
evidence of solid—state deformation is cornmn. Olivinês often 
show undulose extinction bands', and partial recrystallisation with 
development of triple junctions and mosdic textures. Compositionally, 
the olivines and chromites lie within the same range as those in 
the basal -ts, thereby suggesting a cognate origin for the dunites. 
ii) Wehrlites (i'late 404.) 
These inclusions consist of olivine (Fo
86 
 - 77 ),and diopsidic 
pyroxene with lesser amounts of spinel and interstitial plagioclase. 
With increase of plagioclase the wehrlits grade into.feldspathic 
wehrlites. Textures resembling those of layered igneous rocks are 
conspicuous. Olivine, minor chromite and clinopyroxene are the main 
cumulus phases, while the intercumulus liciuid has crystallised into 
plagioclase (An30 - 69 
	
small olivines, chromites and poikilitic 
clinopyroxene. Evidence of solid—state deformation is again apnarent, 
with the development of undulose extinction bands in olivine and 
PLATE 4.3. (x40 ) Plane Polarised Light 
Dunite inclusion. 
Olivine with interstitial c1inoiyroxene and plagioclase. Small 
chromi -tes in olivine and clinopyroxene. 
01 	= 	olivine 
cpx = clinonyroxene 
p1 '= 	plagioclase 





i±i) Gabhros (Plate 4.5.) 
With increase of plagioclase, the feldspathic wehrlites 
grade into gabbroic inclusions. Cumulate textures are apparent, 
with plagioclase q clinoyroxene and olivine as cumulus phases. 
The most differentiated ga'obroic inclusions have strongly zoned 
plagioclase (An89 - 46' 
ferriferous clinopyroxene, skeletal Fe-Ti 
oxides and occasional Fe-rich olivine as prominent phases. Analcime, 
prehnite, apatite and calcite may also be present. 
Some gabhroic inclusions occurring in Older Oceanite Series 
explosion breccias are of a different nature, and consist of zoned, 
euhedral crystals of kaersutitic amnhibole and titanaugite with 
altered. plagioclase. Accessory minerals are apatite and Fe-Ti oxides. 
Olivine is conspicuously absent (plate 4.6.). 
4,5 ANtLCIME GABBRO (Plate 4.7.) 
Small ga'obroic bodies at Source Thermale and in 'the Bras 
Rouge, Ciraue d.c Cilaos have a primary mineralogy of olivine 
(now chloritised), strongly zoned clinoyroxene, plagioclase, 
analcime and Fe-Ti oxides. Texturally and mineralogically they 
resemble the most differentiated gabhroic inclusions in Oceanite 
Series basalts. The occurrence of primary analcime would indicate 
a shallow level of enrnlacement and crystallization under hydrous 
conditions. 
4.6, LEREDGBRO (Plate 4.8.) 
The layered gab'ro outcroD"ing in the porge of the Riviere 
clu Nat, Circue d.c Salazie, consists of finely-layered rocks dipping 
upstream' at aagles varying from near horizontal to near vertical. 
The thickness of contrasted layers ranges from 1 cm. to 1 metre-
ana cumulus phases are olivine, plagioclae and clinopyroxene. 
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- PLATE 4.5. (x 40) Crossed Polarisers 
Gabbroic incius±oii. 
ol 	= olivine 
cpx = clinopyroxene 
p1 	= plagioclase 
PLATE 4.6. (x 40) Plane Polarised. Light 
Arwnhibole gablro inclusion. 
ka 	= 	kaersuite 
ti -aug 	 litanaugite 
Opaaue phases are Fe—Ti oxides. 










PL4PF 4.7. (x 40) Crossed Polarisers 
Analoime gabhro. 
a 	analcirne 
cpx = 	clinopyroxene 
pJ 	p111'ioc.1aEe 
Opaiue nhasec are Fe—Ti oxides. 
PLAT1 4.8. (x 40) Plane Polnrised Light 
Layered gablro. 
01 	olivine 
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Many of the crystals show evidence of strain, especially the 
plagioclase, which is often highly cataclased and saussuritised. 
The cumulus phases are virtually unzoned with plagioclase, 
An84 
82'  olivine, Fo
77 and clinopyroxene, Ca48
1'lg
45Fe9 . Ilmenite, 
magnetite, hiotite and brown hornblende are all found interstitially 
and are irobably of intercumulus origin. 
4.7. ALTERATION. 
Most of the Older Oceanite Series and the lowest horizons 
of the Younger Oceanite Series in the three cicues have 'oeenalterecl 
by low—grade metamorphism. Alteration commences with deposition 
of zeoljtes in the vesiclesof basalts. Several zeolites have been 
identified defining a zonal arrangement, and these are further 
discussed in Chapter 8. With increasing temperature of metanorphistn, 
glass in the groundmass is altered to zeblites and smectites, and 
olivine phenocrysts are pseudomorphed by serpentine, chlorite and 
clay minerals. In the deepest eroded areas of the cirques, the 
transition from zeolite facies to lower itreenschist facies is 
indicated by the albitisation of feldspars and the nre.serce of 
albite and epidote in vesicles. However, usually the clinooyroxene 
emàins unaltered throughout the metamorphic episode. 
50 GEOCHEMISTRY 
5.1, INTRODUCTION 
Sixty major and fifty-four.traoe element analyses of. the 
Oceanite Series basalts are presented in Appendix B, together with 
their respective CIPW norms (Fe 203 standardised to 1.5%). Analyses 
of Differentiated Series rooks from Piton d'Enchajn are also 
presented and the location of. each analysed specimen is shown on the - 
Locality Map (back inset), The analytical techniques employed, 
together with estimates of precision and accuracy are described 
in Appendix A. Analyses from Upton and Wadsworth (1966, 1972) 
have been used in the graphical plots in addition to the analyses 
obtained by the author. 
Systematic vertical and lateral sampling of the Oceanite 
Series was und'rtakon during field-work on the island, to obtain 
a representative collection of the various rock types. 
The main purpose of a geochemical study of the Older Oceanite 
Series was to examine the effect on element concentrations of low-
grade metamorphism on the Series. Specimens were selected for 
analysis on the basis of their petrography to cover the wide range 
from fresh to altered, zeolitised basalts. 
The petrochernistry of the Younger Oceanite Series has been 
dealt with in detail by Upton and Wadsworth (1966, 1972) They 
obtained analyses covering the complete range from oceanite 
(>20% divine) to low-Mg basalts and showed that the main 
variation in magma composition is due to olivine addition or sub-
traction. Of the 33 Younger Oceani -te Series analyses presented 
in Appendix B. 30 analyses are from one section in the gorge of 
the' Riviere St. Denis which cuts through the 2 m.y. old La Montgne 
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massif (McDougall, 1971). This section was chosen for study as 
it contains many two phenocryst phase basalts with olivine and 
clinopyroxene in contrast to the more normal phënocryst assemblages 
in the Oceanite Series of olivine, olivine + plagioclase, and 
oliviné + plagioclase + olinopyroxene. The possibility of 
ankaramitic fractionation to produce these basalts has been examined. 
in the light of this petrographic data. The descriptions given in 
Appendix D start from the top of the succession and proceed down-
wards. McDougall and Watkins (1973) have shown that the entire 
succession (approx. 1000 metres) was erupted within the space of 
0.]. m.y. 
5.2. MAJOR ELEHENT CHEMISTRY 
A. Fruency distribution of major element data. 
The distribution and range of major element concentrations 
in the Oceanite Series is displayed in the form of histograms in 
Fig. 5.1. Several points emerge from the diagrams. 
+ 
A trend to increased H 2  0 contents from 
Younger Oceanite to Older Oceanite Series 
as would be anticipated as a consequence of 
alt erat ion. 
The overall similarity in MgO, MnO and P 2  0 5 
contents of the two Series. 
The lower modes for A1 20 3 , FeO (Tot.), CaO 
and Ti02 in the Older Oceanite Series. 
All the oxides except water show some depletion with respect 
to their modes in the Older Oceanite Series, suggesting either 
primary manatic differences between the two Series, or significant 
loss of material from the system during low—grade metamorphism. 
However, the similarity in composition between the freshest Older 
Histograms showing frequency distribution of major elements in the 
volcanic rocks. 
= Younger Oceanite Series 
= Older Oceanite Series 
Freouencr in units of 10 for the Younger Oceanite Series and units 
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Oceanite and Younger Oceanite Series basalts suggests that the 
overall depletion in major elements is due to increasing hydration 
during low—grade metamorphism. This depletion of elements would 
be more pronounced if constant volume instead of constant weight 
were assumed, as rock density is known to decrease with hydration0 
B. Oxide—water variation diagrams. 
A good indicator of incipient alteration of a lava suite is 
the increase in water content of the whole rock. Magmatic water 
in rocks of tholeiitic composition is unlikely to exceed 0.5% 
H 2  0 (Moore, 1970). Any additional water shows that meteoric and/ 
or sea water has passed thrbugh the rock. This water can easily 
carry elements in and out of solution thereby producing, significant 
alteration of original rdck compositions. 
Variation diagrams of oxide concentrations against whole rock 
water contents of the Oceanite Series basalts are shown in Fig. 502. 
The negative correlation of SiO 2  with water suggests that silica 
has been lost from the Older Oceanite Series during low—grade 
metamorphism. The extreme variability of 3 11a20 and K 2  0 in the 
Older Oceanite Series compared to the narrow range shown in the 
Younger Oceanite Series is an indicator of the mobility of their 
ions in solution. There is little variation in the range of CaO 
contents between the two Series, except in the most strongly hydrated 
rocks where CaO is depleted. This is surprising in view of the 
spilitic alteration in some of the Older Oceanite Series rocks, 
which has resi.lted in albitisation of fe1dsprs. It seems nrobable 
that most of the calcium that has gone into solution from the 
feldsars has been redetosited as calcium zeolites, calcite and 
epiclote in the vesicles. However, an overall slight loss of Ca 
FIG0 5.2. 
Oxide-water variation diagrams for the Olöer and Youngei Oceanite 
Series volcanics. (1t 
= Younger Oceanite Series 
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from the system is indicated by the histogram in Fig. 5.3.. 
The other elements which show little variation with degree 
of hydration are P20 5 and ?4n0, so these elements must be considered 
as being relatively immobile during low—grade metamorphism in the 
zeolite facies. Total iron (as FeO) also remains auite constant. 
The oxides MgO, Ti0 2 and A120 3 show a wide scatter for both 
Younger and Older Oceanite rocks, indicating that original namatic 
variation has obscured the effect (if any) of low—grade metamorphism. 
5.3. PRAC1 	LFiTIT CHiITY 
Histograms showing the distribution and range of concentration 
of trace elements in the Older and Younger Oceanite Series are 
presented in Fig. 5.3. Inanection of the histograms reveals the 
following features: 
Similarity in distribution and range of 
concer trat ions of Cr, Ni and Cu in the two 
Se xi. es . 
The general tendency towards lower conoentrations 
of the other trace elements in the Older 
Oceanite Series comnared to the Younger 
Oceanite Series. 
To test the effect of hydration on the concentration of trace 
elements in the Older Cceente Series, variation dia rams with 
H 2 
 0 
+ as absci a. have been nlotted in Fig. 5.4. A aecrease of Si', 
Y and 73a with incresii hydration is an'arent. Rb, Cu, Cr and 
Ni show a wide scatter of noints, while La, V, e and r remain 
within a narrow range indenendont of deree of hydration. The latter 
groun could he considered, as relatively immobile elements durin 
low—grad.e metamornhim. 
r'Tr. 	5.3. 
or:.r 	oinr frecuency c1itri1'dion of trace e1eents in 
the volcanic rocks. 
Younger 'cearLite Series 
= Older Cceanite Series 
Freoucncy in u.it of 10 for the Younger Oceanit Series and units 
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5.4. Ti, Zr, Y DIAGRAflS 
The Ti, Zr, Y contents of hasalts have been widely used in 
recent years to show the affinities of altered basaits, as they 
are thought to be relatively immobile during low-grade metamorphism 
(Pearce and Cann, 1971, 1973; Nisbet and Pearce, 1973; Bickle and 
Pearce, 1975). However, the evidence from the histograms and trace 
element variation diagranis suggests that all three elements have been 
depleted to some extent, with the possible exception of Zr, relative 
to fresh Oceartite Series basalts during low-grade metamorphism. 
The Older Oceanite Series basalts plot within the field of "within-
plate basalts" on the Ti-Zr-Y diagram (Fig. 5.5b) devised by Pearce 
and Cann (1973), although they occupy a wider oompositioTlal spread 
than the Younger Oceanite Series basalts (Fig0 5.5a). This would 
suggest that although these elements may be partially mobile during 
low-grade metamorphism, their relative proportions in the rock 
remain aprroximately constant. 
The present work has shown that the elements F, Mn, La, V, 
Ce and Zr are the least mobile elements during, low-grade metamorphism 
in the zeolite facies, and so could be used to determine the 
petrogenetic affinities of other altered basaltic rock suites 
5.5. YOUNGER OCEANITB SERIES BASALTS OFH_RIVIE RE ST. 
DEIS SECTION 
A. Variation diaFrarns 
Simle oxide variation diagrams with MgO as abscissa are 
presented in Fir. 5.6. It is c1ar that the analyses lie on an.. 
olivine control line analogous to other Younger Oceanite Series 
basalts (Upton and iadsworth, 1966 9 1972) thereby showing that 
olivine addition or subraction is the main cause of, variation, 
until the most evolved li4uids are reduced to approximately 6% 
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F1CS. 5.5. 
Discrimination diagrams using Ti, Zr and Y. "Within—plate" basalts 
i.e. ocean.island or continental basalts - plot in field D. ocean-
floor basalts. in field B, low—votassium tholeiites in fields A and 
B, calc—alkali basalts in fields C and R. 
5.5a Field of Youn,er Oceanite Series basalts. 
5.5b Field of Older Oceanite Series basaits. 
Zr y.3 	Zr Y. 3 
Ti 





iaor oxides ilotted against 1O for the lavas of the Riviere St. 
Denis sections 
- - , olivine—control line for Younger Oceanite Series and Piton 
e la Furnaise basalts from Upton and Wadsworth (1966, 1972). 
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MgO. 
The trace element variation diagrams presented in Fig. 5.7 
reinforce this pattern, although the positive correlation of Cr with MgO 
is associated with subordinate chroae-spinel fractionation as suggested 
by Upton and Wadsworth (1972). The Ni/UgO variation diagram could 
indicate an increase in the Ni/MgO ratio between olivine and liquid during 
fractionation, so that the whole rocks apparently iie on an olivine control 
line with Ni contents lower than the observed olivine phenocrysts (O'Hara, 
1975). 
However, the olivine control lines are not consistent with the 
phenocryst mineralogy of the Riv. St. Denis section, which shows that 
olivine and clinopyrox.ne are major phenocryst phases. It is therefore 
suggested that olinopyroxene has not been a major fractionating phase in 
the genesis of the Younger Oceanite Series basalt.. Therefore, either 
clinopyroxene crystallised after a period of substantial olivine fraction-
ation that caused the main chemical variations in the basaltic suite, or 
both olivino and clinopyroxene crystallised together over a considerable 
P-T range, but that only olivthe was sufficiently dense to participate in 
fractionation. 
However, it In interesting to note from the modal analyses of the 
Riv. St. Denis suite (Appendix D), that the basal part ban a high proportion 
of aphyric or sparsely phyric basalt., while the middle part of the section 
contains mainly olivine + clinopyroxene phenocryst phase basalts. Oceanites 
with olivine as the sole phenocryst phase appear consistently towards the 
top of the succession. Further evidence of predominantly oceanite basalts 
in the upper part of the La Montague massif is provid.d by the exposures 
along the coast toad from St. Denis to La Possession. 
It is therefore speculated that the La Montague massif represents the 
aerial tapping from the top of an ancient magma chamber undergoing dominantly 
olivine fractionation. The high density and settling speed of olivine would 
plo.5.7. 
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then result in a dunite basal part and olivine depleted top to the magma 
thaiber and the inverse sequence in the erupted basalts, with compositions 
lying al3ng an olivine control line. 
CrystallLisation of the phcnocryst phases probably took place above 
the prasure at which olinopyroxene replaces plagioclase as the second 
major silicate phac (Upton and Wadsworth, 1972). Unpublished experimental 
work on Re 168, a 17cunger Oceanite Series olivine basalt by Upton and Regg 
(pers. coiw.).indioctes that at 5kb. pressure clinopyroxene first appears 




The results of a detailed, mineralogical udy of Oceanite 
Series lavas, intrusives and inclusions using the electron micro 
probe are presented in this chapter. The mineral analyses are 
given in Appendix C and details of the analytical techniques are 
presented in Appendix A. 
The composition of a mineral crystallising in equilibrium 
from a liquid is a function of four main factors.. These are:- 
Composition of the liquid, including oxygen 
fugacity and volatile content. 
Presence of other elements in the mineral which 
might encourage elements of similar ionio 
radii to substitute into the crystal lattice. 
Temperature And 	 - 
pressure at which the mineral crystallised. 
Disequilibrium mineral orystallisation ril1 introduce another 
variable, the rate of cooling. 
A study of the mtneral chemistry of Reunion rocks could be 
used in evaluating the maIn factors mentioned above. The ideal 
mineral to study would be one whose compositional variance Is 
eontroiled by only one of these four factors e.g. temperature, 
while being Independ.ent àf the others. Then by choosing other 
minerals whose compositions are solely dependent on one of the 
remaining three factors, a complete petrogenesis of Reuniofl. basalts 
could be d,eterm1ned, including their depth of formation, compositiofl 
and COoling history. In practice the situation is never as simple, 
Apart from the problem of deciding which minerals orystallised. in 
o 
equilibrium with a liquid, there is the additional problem that 
most minerals will have compositions determined by a combination 
of all four factors. 
6.2, OLIVINE 
Roeder (1974) and Roeder and Emslie (1970) have crystallised 
olivines from basalts under varying experimental conditions of 
temperature, pressure and oxygen fugacity. They conclude that 
olivine composition with regards to its Fe, Mg, Mn, Co and Ni 
contents is controlled only by the abundance of these elements in 
the liquid and is independent of temperature and of other elements 
in the liquid.. They also concluded that the Mg/Fe ratio in the 
olivine is independent of pressure and does not affect the con-
centration of the minor elements Ni, Mn and Co in the olivine. 
Furthermore, the distribution coefficient for the ratios of Fe/Mg 
and Fe/!n between olivine and liquid were found to be constant and 
independent of temperature or liquid composition with values of 0.3 
and 1.4 respectively. The disti'ibuion coefficients involving Ni 
as one element were unfortunately not determined. However, 0Hara et al 
(1975) believe that the distribution coefficient for Ni/Ng between 
olivine and liquid varies wiih'liquicl composition from a value of 
around 3 for hasalts, decreasing to unity for picri -tic and ultra- 
basic composItions. Variation in the Ni/Mg distribution coefficient 
Is also indicated by the whole-rock geochemistry, as compositions 
lie on an olivine control line back to an olivine with lower Ni 
content than the observed range in olivine phenocrysts (Fig. 5.7). 
The effect of pressure on the minor elements Ni, Co and Mn in 
olivine has not been dtermin.ed experimeiitally, although Simkin and 
Smith (1970 ) have shown that, in contrast to the Ca content, there 
Is no correlation bet\'reen Ni and Mn in divine and orystallisation 
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environment. They therefore conluclod that although pressure 
influences the Ca content in olivine, it has no significant effect 
on the concentrations of Ni and Yn. 
The importance of the wor1öf Roeder and Emsilo is that given 
the most magnesian olivine phenocryst composition, we can calculate 
the Ni/14g/1?e/Mn ratios of the liquid in equilibrium with It and 
thus gain important knowledge of the oothposi -tion of the most primitive 
Reunion mag1a. Conversely, given a knon liquid composition (from 
bulk rock analyses) we can calculate the composition of the olivine 
that would crystallise from it. If this matches the composition 
of the coexisting o].ivine phenoorysts, then we can conclude that 
the olivine and liquid were in equilibrium. 
Using the above information, it was decided to undertake a 
detailed study of Reunion olivines from different rook—types in the 
Oceanite Series using the electron mioroprobe. 
A.- Olivine -textures and occurrence 
Olivine is the most abundant phenocryst phase in the Younger 
Oceanite Serbs and is usually present in the groundxnass. Typically 
it occuis only with minor spinel as a phenocryst phase, but other 
assemblages with plagioclase and/or olinopyroxene are also common. 
Olivine is also present in the inclusions of dunite, wehrlite and 
gabbro found in the Oceanite Series basalts. The Older Oceanite 
Series ólivines are usually serpentinised or altered to a mixture 
of chlorite and clay minerals, although some have remained, partially 
unaltered and are presented in the analys5s tables. 
Olivine occurs in a variety of forms, the most common of 
which are as follows:- 
l Large embayed divines oharacteristically 
unoned and irregular in shape (f'late 6,1). 
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They are usually very fresh or with iddingsitieed 
rims • and occur only in extrusive oceani tee and 
olivine basalts 
Skeletal olivines in long, slender crystals up to 
5 mm. in length (Plate 6.2). These are usually 
developed in thin intrusive bodies showing signs of 
rapid chilling, but are also found with ph.nocrysts 
or growing as elongate prolong*t ions from phenocryste. 
Euhedral crystals in basalts and inclusions in basalts. 
They are up to 10 mm. in size, sometimes zoned and 
showing well-developed (iO) cleavage (Plate 6.3). 
Groundse ol iv ines characteristically have more 
anhedral forms. 
Shattered and recrystallised olivines from basalte and 
inclusions in basalta. Occasionally granoblastic 
texture is observed with development of triple junctions 
and mosaic patterns (Plate 6.4). 
E. Compositions 
1) Foraterite contents 
The oceanites have the most magnesian phenocrysts of Fo 903, while 
phenocrysta in the olivine basalts vary in composition from Fo 88_77 . 
Groundinaga olivines apparently divide into two groups, namely Mg-rich 
and Mg-poor (Fo6765 ) types, although it is adeitted that further 
analyses could reveal a continuous spectrum of groundmaaa olivine compos-
itions. Olivines from the layered gabbro and some gabbroic inclusions 
in the Cap la Houssaye vent are more Fe-rich than phenocryst olivines in 
basalts, and have compositions in the range Fo77_38. 
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541. ( itO) f1ane Po1rised Light 
Embaved olivine with iddin;itised rim. 











JL:YE 6.3. (x ito) Plane Polaried J,jtht 
uhedr9.i olivine pher-ocry'st in ocenitc. 
PLATE 6,4. (x 40) Cros;ed l'olarisere 
Sha -tered and recrytallied olivins in dunite inc1uion. 
, A 
The most wagnesian olivine phenocryats of P0 90 composition 
coexist with leaa magnesian, Fo84 phenocryate in the lava Re 754. 
The two generations of phenocrysts tan also be separated on textural 
grounds, as the Fo90 o]ivinee are anhedral and shattered, suggesting 
a xenocrystal origin, while the Fo84 olivinea occur as typical euhedral 
phenocryata. The Fo90 olivinee should be in equilibrium with a liquid 
Of FeO:MgO ratio of 0.39, using the Roeder-slie distribution 
coefficient of 0.3 for the partitioning of Fe/Mg between olivine and 
liquid. In contrast, the Fo84 olivinea would cryatallise from a 
liquid with 	FeO 
	
ratio of 0.52, which is cloie to the value of FeO + MgO 
0.48 (Total iron an FeO) for the bulk rock composition of Re 754 
(Appendix B). Assuming the calculated iron/magnesium ratio of the 
liquid coexisting with P090 olivine,ig the value of the most primitive 
Reunion liquid, and using the petrographic and geochemical evidence that 
olivine fractionation has been the dominant factor in the evolution of 
the Oceanite Series, we can calculate that 49% olivine fractionation from 
a Reunion primitive liquid would lve a liquid with the same iron/magnesium 
ratio as Re 754. Olivine fractionation on the above scale would be quite 
capable of producing large bodies of dunite, webrlite and gabbro of the 
type which are so conspicuous as inclusions and nodules in Reunion basalts. 
ii) Ni contents 
Ni shows a strong negative correlation with FeO content in the pheno-
cryst and groundmas. olivines (Fig. 6.1) in basalta, a feature previously 
recognised by Vogt (1923) and Ross et al (1954) in other basaltic suites. 
The well-defined trend corroborates with the geochemical evidence of Upton 
and Wadsworth (1972), of a common line of descent for the shield-stage 
basalts and evolution from a Mg-rich parental liquid due primarily to 
extensive olivine fractionation. 
PIG,6.1. 
Ni wt,% against PeO wt,% in Oceanite Series phenooryst, roundmass 
and layered gabbro olivines. Compositional fields of phenocryst 
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However, lavas and intrusives which show evidence of rapid 
chilling (glassy groundeass) contain olivines with Ni-enriched rims 
compared to the corresponding cores (Fig. 6.1). This anomalous 
variation could be due to disequilibrium crystallisation or a subsol-
idus equilibration between olivine and surrounding glass. 
The layered gabbro olivines occupy an intermediate position between 
the magnesian olivines and Mg-poor groundmaes olivines. 
The inclusion suite olivines lie on the same trend as the phenocryst 
and groundsass olivines in basalts, and show a wide range in Ni and FeO 
cxmtents (Fig. 6.2). This suggests the inclusions are cognate to blie 
basalts and originate by fractionation from the same Mg-rich parental liquids. 
This is not a surprising conclusion in view of the considerable amount of 
olivine fractionation needed to account for the variation in composition of 
the olivine phenocrysts and suggests that large dunitic bodies are present 
beneath both Reunion volcanoes. A similar conclusion has been reached by 
Upton and Wadsworth (1972) as a result of their geochemical analyses of 
Reunion basalts. Some olivines in gabbroic inclusions from Cap 1* Houseaye 
show more extreme Fe-enrichment, indicating locally high degrees of fraction-
ation prior to eruptions from this vent. 
It was mentioned earlier that the most magnesian olivine phenocrysts 
would crystallise from a picritic liquid with a FeoFOMgo ratio of 0.39. 
This valu, compares closely with the same ratio of 0.35 in alleged primary 
magmas from Baff in Island (Clarke, 1970). Thus the possibility exists that 
the most magnesian Reunion olivinee were precipitated from primary magmas, 
although it is unhik.ly that primary magmas ever reached the surface, as the 
Fe90 olivines are clearly uocrystal and out of equilibrium with their host 
basalt. To test the origin of the magnesian olivinea and the liquid from 
which they crystalliaed, the N1-FeO contents of supposed source and residual 
mantle olivines have been plotted for comparison with the field of Reunion 
olivinea in Fig. 6.3, using data from ()'Bara and Mercy (1963). Features of 
special interest are:- 
PItT. 6.2. 
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Residual mantle olivines are depleted in FeO 
and Ni relative to source mantle olivines. 
The most magnesian Reunion olivines have 
forsterite contents approaching source and 
residual mantle olivines. 
The most magnealan Reunion olivinea are en- 
riched in Ni compared to residual mantle 
olivines, but resemble soui4e mantle olivines. 
The first point indicates that during partial melting of the mantle 
Fe and Ni preferentially enter the liquid while the residual olivines 
become more magnesian. This is in agreement with the experimental evidence 
of Ringwood (1956), who showed that melting temperature of olivine decreases 
with increase of Ni28iO4 component. 
The second point illustrates that the Reunion olivinea, with compos-
itions of Fo90 , could Just represent first-formed oIystals separating from 
a primary magma. The latter should be in equilibrium with its residual 
mantle phases at the depth of formation and thua the first olivines to 
crystallise should have a composition similar to residual mantle olivines 
i.e. Fo9095. If olivine composition is dependent only on liquid composition 
as suggested by Ibeder and Emelie (1970), then the primary liquid could be 
brought from any depth to the surface and still crystallise first-formed 
olivinea of residual mantle composition. 
However, the third point illustrates that the magnesian olivinea 
could represent crystals precipitated from primary magtnaa, except for thèèr 
high Ni contents. This anomaly could be explained in several ways. 
1. The Ni content in olivine might vary with pressure 
as well as liquid composition. This would imply 
that at low pressure Ni is incorporated into the 
olivine etructure easier than at higher pressures. 
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FIG.. 6.3. 
Ni wt.% against FeO wt.% for source and residual mantle olivines, 
plotted for comparison with the field of Reunion olivines. 
G.Lh. 	Marnot lherzoliteolivines 
cT.Hz. = Garnet harzburgi-te olivines 
Lh. 	= Lherzolite olivines 
Hz. 	= Harzburgite olivines 
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The olivines cryatallised from magmas that had 
already fractionated phases, at high pressure 
leading to Ni-enrichment in the liquid, without 
significant change in major element composition. 
Subsequent crystallieatión of olivinea would then 
give Fo and Ni-rich compositions. 
Small degrees of partial melting in source mantle 
so that early cryatallising magnesian olivinea 
have similar Ni and Fo contents to source mantle 
olivinea. 
If the first explanation were true, then we should expect to find 
that olivines in Reunion intrusives, nodules and inclusions are depleted 
in Ni compared to the basalts. SinLe there is essentially no correlation 
with olivine composition and cryatallisation environment (except in Ca 
content), we can conclude that pressure has not exerted a dominant influence 
on Ni content in olivine. 
As yet explanations 2 and 3 are eqtslly valid due to the general lack 
of experimental work on Ni in olivine. The distribution coefficient between 
Ni/Mg in olivine and liquid is known from O'Hara ot al (1975) to vary with 
liquid composition, in contrast to the constant Fe/Mg distribution coefficient. 
Any petrogenetic models for upper mantle fráctionat ion should be consistent 
with these observations. With more experimental evidence the nickel contents 
in olivine could serve as an important parameter to test the validity of 
fractionation models in basaltic systems. 
iii) Mn contents 
Mn shows a positive linear correlation with FeO in Reunion olivines 
(Fig. 6.4). The inclusion suite oltvines also lie on the same trend as the 
phenocryst and grounduzass olivinea in basalts suggesting that they are cognate 
in origin (Fig. 6.5, c.f. Fig. 8.2). 
W. 
The compositional trends in Figs. 6.1 and 6.4 show that the Ni/teO 
ratio in the olivines decreases steadily with increase in FeO content, 
while the Mn/FeO ratio remains nearly constant. This observation agrees 
with the experiments of Roeder (1974), who concluded that the magnitude 
of depletion of the metal oxides in a basaltic liquid by the crystallisation 
of olivine is in the order of NiMg)Co>FeMn. 
iv) Ca contents 
Ca shows a positive correlation with FeO content in olivine phenocrysts' 
of extrusive basalts (Fig. 6.6). However, in contrast to Mn and Ni there is 
also a correlation of Ca in olivine with crystallisation environment as first 
suggested by Simkin and Smith (1970). Olivines from intrusive rocks and 
inclusions in basalts show depletion in Ca for a given FeO content compared 
to the phenocrysts in lavas. It is apparent that there are a number of 
factors which could contribute to Ca variation in olivines and these 8re 
considered in turn. 
The composition of the crystallising liquid is apparently- an important 
factor governing the increase in Ca with FeO content in extrusive Reunion 
basalts, although the depietion of Ca in Mg-poor groundinass olivines could 
be a result of disequilibrium crystallisation. 
Temperature is known to have an important effect on Ca in olivines 
as a result of experimental synthesis in the CaO-MgO-Si0 2 system (Ricker and 
Osborn, 1954), which showed that forsterite coexisting with liquid accepted 
much more Ca at higher temperature. However, Fig. 6.6 would suggest the 
opposite, as the Mg-rich olivines which crystallise at high temperatures have 
low calcium contents. 
The fact that intrusive o].ivines have low calcium contents suggests a 
pressure control. 	Simkin and Smith (1970) noted that most olivines from 
FIG. _61. 
Mn wt.% against FeO wt.% in Oceanite Series phenocryst, gDoundmass 
and layered gabbro olivines. For symbols see Fig. 6.1. 
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Mn w-t.% against FeO wt4 for inolusion suite olivines. 
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deep-seated plutonic rocks and ultraznalic inclusions in lavas contain less 
than 0.10 wt. %Ca, whereas those from extrusive and hypabyssal rocks 
contain at least that value. The Reunion data is in agteement, with the 
exception of one olivine from a serpentinised dunite, which shows a high 
calcium content of 0.25 wt. %. However, other olivines from the same 
dunite have calcium contents of less than 0.10 wt. % in agreement with the 
data of Simkin and Smith. Perhaps the high calcium in the anomalous olivine 
is due to diffusion of the element into the olivine at high cruatal levels. 
The pressure control of calcium content in olivines has obvious 
important implications regarding the depth of formation of inclusions in 
basalt and also the depth of emplacement of plutonic bodies such as the 
layered gabbro in the Cirque de Salazie. With more detailed experimental 
knowledge, possible pressures of equilibration of olivine with liquid could 
then be determined. 
v) Comparison of Ni Mn and Ca in Reunion olivines with other oceanic islands 
The compositional fields of olivines from other tholeiitic and alkalic 
basalt suites of oceanic islands are shown for comparison with Reunion olivines 
in Figs. 6.1, 6.4 and 66. 
The Reunion olivines occupy a similar compositional field with respect 
their Ni and Mn contents to Hawaiian olivines from tholeiitic and alkali 
basalts. The main differences are that Reunion olivines continue the trend. 
into more Ni-rich, Fe-poor compositions (Fig. 6.1), and the Mg-poor groundmass 
olivines plot out of the Hawaiian field on the Mn-FeO diagram (Fig. 6.4). 
Olivines from the alkalic suites of ocean island basalts have lower Ni and 
higher Mn for a given FeO content, further supporting the evidence 6f Roeder 
(1974) and Roeder and Emslie (1970) that olivire composition is dependent on 
the composition of the crystalliang liquid. 
It is suggested that the dual influence of liquid composition and 
pressure causes the wide variations in calcium with FeO content of olivines 
from other oceanic islands. 
FIG. 6.6. 
Ca wt.% again -t FeO wt,% for Oceanlie Series olivines. 
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Theypyroxenes are generally the most resistant minerals with 
respect to secondary alteration and are therefore useful in comparing 
the Older Oceanite Series with the Younger Oceanito Series. 
Microprobe analyses of the pyroxenes presented in Appendix C 
show them all to be Ca—rich clir.opyroxenes. Orhopyroxene and low-
Ca c1iopyroxcne have not been found. in Piton des Neiges rooks, 
Valiance (1974) showed that pyroxenea in altered igneous rocks could 
be used to interpret the original nature of the rook prior to 
alteration. Phenocryst and groundmass pyroxenes from the Older and 
Younger Oceanite Series lavas show no signiflcnt differences in 
coripositional range or normative character, rmesting that pyroxenes 
from both Series have orystalilsed from similar magmas. 
The pyroxenes may be divided into three groups according to 
their observed crystailisation environment. These are:- 
Group I Phenooryst and groundmass pyroxenes in 
lavas and minor intrusives 
explosion breccias of the Older Ooeani -te 
Series 
Grou2II Pyroxenes from inclusions in basalts. Theso 
may be subdivided into inclusions from 
dunite—webrlite—gabbro suite 
amphibole gabbro nodules 
GrouTII Layered gabbro pyroxenos 
i) 	uIyroxcnes 
Analyses of Group Ia and lb pyroxenes are presented on the 
pyroxene qadri1aieral in Figs. 6.7a and. 6.71b respectively. The 
composItional fields are after Poldervaart and Hess (1951). The 
!3C. 6 .Ta-0. 
Clinopyroxenes from the Oceanite Series in the mole % C-M-F system. 
!iled circles:.- 	Group Ia pyroxenes, Older Oceani -te Series. 
Cpen circles:- 	Group Ia pyroxenes, Younger Oceanite Series. 
Pilled. triang1e3- Group lb pyroxenes. 
Oet iriang1es:. 	Group ha pyroxenea, including analyses from 
1(3 
Pi -ton de la Fournaise by Upton and Wadsworth (1972 ). 
Group lib pyroxenes. 
Group III pyroxenes. 
1. Filled squares:-
Filled d1amond:- 
G groundinasi. Arrows indicate core to rim relationships. 
Pyroxene fields after Poldervaart and Hess (1951). 
CaO 
FeO 
MgO 	(a) 	 (b) 	 (C) 
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majority of the phenocryst cores have approximately constant FeO*  
,. 
conents, but vary in 
CaO  ,'i"IgO ratios9 whilst the phenocryst rims 
and groundinass pyroxenes show a general trend to iron enrichment 
relative to the phenocryst cores. 
GrouI pyroxenes 
Pyroxenes from the dunite-wehrlite-gabbro inclusion suite 
(Group ha) lie in the endiopside field and vary in 
PeO 
 /MgO ratio, 
but show little variation in CaO content (Fig. 6,76). Similar 
pyroxenes from inclusions in Piton de la Fournaise basalts (Upton 
and Wadsworth, 1972) are also shown for comparison. 
yroxenes in small amphibole gabbro nodules in Older Oceanite 
Series explosion breocias (Group lIb), are zoned light pinkish and 
coexist with kaersutitic amphibole, apatite and altered plagioclaso. 
They are -titaniferous, sodium.-rich salites and from core to rim 
show a slight trend -towards more calcic compositions, followed by 
a trend- to Fe-enriohrnent as shown in Pig. 6.7o. 
Group III pyroxenes 
The layered gabbro pyroxeries occur as cumulus phases with 
o].ivine, plagioclase and Fe-Pi oxides and are also present in the 
intercumulus. The cumulus pyroxenes have very uniform compositiona 
(Ca45 14g45 Fe11 ) and have probably formed by ad-cumulus growth. Thr 
plot on the boundary between Endiopside, Diopcid.e, Salite and Augite 
on the pyroxene quadrilateral (Fig. 640). 
F. NOrmative character of the pyroxenes 
Coombs (1963) demonstrated the relationship between normative 
character of a clinopyroxene and the chemical character of the host 
rock. Accordingly, clinopyroxenes from alkaline rocks (no-normative), 
are in ,general ne-normative, while those from oversaturated tholeitic 
rocks tend to be quartz normative. Nild-ly alkaline and transitional 
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 contain clinopyroxenes which are either slightly ne-normative 
or ol-hyp normative0 
Normative minerals of the clinopyroxene analyses are presented 
in Appendix C. This involves recalculating the total iron content 
(given as FeO in the microprobe analyses) into FeO and Fe 203 
assuming pyroxcne stoichiometry. 
Group Ia and Group III pyroxenes have either olivine and 
hypersthene or small amounts of nepheline in the norm, and thus 
reflect the transitional character of the Oceanite Series basalts. 
These pyroxenes also show a general trend from ol-hyp normative 
cores to slightly nenormative rims and groundmass pyroxeries. 
The Group lb pyroxenes show a larger range with slightly 
stronger ne-normative compositions (up to 1.79 % normative nepheline) 
in addition to the mildly ne-normative and ol-hyp normative types. 
The Older Oceanite Series breccias contdin basaltic material erupted 
atl or near the surface and also material derived from greater depth. 
Therefore, the Group lb pyroxenes should include types similar to 
Group Ia pyroxenes, and additional pyroxenes sampled from depth. 
Thus, the occurrence of ne-nOrmative Group lb pyroxenes could indicate 
the presence of ne-normative basalts below the surface of Piton des 
Neiges. 
The Group ha pyroxenes contain both ol-hyp and ne-ncrmative 
types in contrast to their host basalts which are all ol-hyp 
normative. The Group ITh pyroxenes are quite strongly ne-normative 
with up to 2.70 % normative nepheline. However, the normative 
character of pyrcxenèa .rr'.not always he a reflection of the normative 
charao-ter of the host liquid. Thus Helz (1973) found that clinopyroxene 
coexisting with kaersititic amphibole in experimental runs of initially 
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tholeiitic lavas at 970 - 1000 0  C, 5kb. pH2O at the oxygen fugacities 
of the quartz—fayaiite—magnetite buffer, resembles clinopyroxenes 
from mafic alkalic rocks in being ne—normative with high titanium. 
In other words, the distinction between tholelitic and alkalic 
pyroxenes is blurred at high water prössures and low oxygen fugacities. 
These conditions might have been particularly favourable for the 
formation of the Group lIb amphibole gabbros occurring as nodules 
in Older Oceanite Series explosion breccias, esecia11y as they 
contain ne—normative titaniferous clinopyroxene coexisting with 
kaersutitjc amphibole. 
C. Si—A]. variations 
The Si—Al variations of clinoyroxenes have been studied in 
considerable detail in recent years, as they appear to vary according 
to the physico—chemical conditions during crystallisation. Coombe 
(1963) and Thompson (1974) have suggested the main factor influencing 
clinoyroxene composition is the composition of the host liquid, 
while Thompson (1947)9 Kushiro (1962), White (1964) and Acki and 
Kameyama (1970) have tried to relate compositional variations in clino-
pyroxenes to the influence of temperature and pressure, The Si—Al 
variation of pyroxene cores and rims is shown in Pig. 6,8. 
The group Ia pyroxenes show an increase in the Si/Al ratio 
from core to rim. Assuming that the 3102  activity of the magma is 
the major factor controlling the Si—Al distribution in the olino-
pyroxene (Kushiro, 1960; Carmichael et al, 1970; Gupta et al, 
1973), then this relationship indicates that the liquid became 
enriched in S10 2 during crystallisation. This process probably 
resulted from the fractional crystallisation of olivine and possibly 
to a small extent sine1 and clinopyroxene. 
However, the situation is more complex for the other pyroxene 
FIG. 6.8. 
Al (atomic proportions) against Si (atomic proportions) for 
Ooeanite Series pyroxenes. For syTnbola, see Fig. 6.7. 
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groups. Thus, Group Tb pyroxenes show both trends of increasing 
and decrdng Si/Pd ratios from core to rim. Since the breccias 
have probably brought material from various dep"Wha to the surfade 
during exploiivc eruptions, it is suggested that the pyroxene 
Compositions could r2fiect the interplay of clinop3rroxene crysta1l-
isa-tion leading to Si depletion and olivine crysta1litation 1ading 
to Si—enrichmen 4 in the residual liquid. 
The Group TIb ann,hibole gabbro nodules show a clear trend of 
decreasing Si/Al ratios, followed by a reverse trend of increasing 
Si/kl ratios from core to outer rim. Again the possible effeets 
of clinopyroxene and olivine or plagioelase crystallisation should 
be considered. 
?he trend of decreasing Si/Al ratios in basaltic pyroxenea is 
unusual, but has been observed in transitional tholeiltes from the 
Deocan Traps, which have retained their high? pressure stage of 
ankaramitic cryctallisation (Krishnamurthy, 1974). The evidence 
from the Group lb iyroxenee combined with the occurrence of occasional 
wehilite nodules in the Oceanite Series, suggests that some of the 
Reunion mazmas underwent limited ankaramitic orystallication at 
depth, as previously suggested by Upton and Tadsworth (1972 ). 
D. A14 and Al 6 ratios 
Thompson (1947) suggested that on increasing temperature, 
aluminium preferenia1ly enters four—fold coordination, whilst with 
increasing pressure it enters six—fold coordination. Fig. 6.9 shows 
the A14 - Al 6 ratios of the olinopyroxenee represented diagrammatically 
in the three fields of i) eciogites, 2) granu3.ites and inclusions 
in basalts and 3) igneous rocks, after Aoki and Kushiro (1968). 
The Group Ia and Group III pyroxenes together with most py -roxenes 
in Group Tb plot in the field of igneous rocks, showing they 
FIG. 6.9. 
Al and Al va1en of ollnopyroxene3. For symbols see Fig. 6.7. 
The three named fields are after Aoki and Kuhiro (1968). 
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cr.ystallised at low pressures. Other Group lb pyroxenes straddle 
the divide between the fields of granulites and igneous rooks (a 
rather i3.1defined P - P boundary, but with pressures probably about. 
4 - 5 kb. according to Turner, 1968). 
The Group lib amphibole gab'brc pyroxenes show a decrease in 
A14 content with fairly constant A]. content from core to rim. 
suggesting that the pyroxenes crystallised isobarically and were 
not part of an ascending magma column. The A1 6/A14 ratios of the 
pyroxene cores suggest that they cryställised at slightly higher 
temperatures and pressures than most of the Group Ia and III Pyroxenes. 
The Group ha pyroxenes straddle the divide between the fields of 
granulites and igneous rocks. The complementary variation of Al 4 
an Al6 d. 	from cores to rims in these pyroxenes suggest non—isobaric 
crystallisation, possibly in ascending magma columns. 
B. P - P conditions of origin of the pyroxenes 
An approximate upper limit of 10 kb. can be placedi :ozi ll :the 
titaniferous pyroxenes, as the experiments of Yagi and Onuma (1967) 
indicate that above this pressure, the solithility ofCaTIA1 2O6 
in diopside decreases to zero. Also the pyroxenes do not oonain 
any signs of exsolution of other pyroxene phases .(o.f. Gough IslaM, 
Le 1iaitre, 1965) so this would indicate an origin not too deep 
(< 20 len.?) in' the crust. 	. 	 . 
It is therefore concluded that the Group Ia and III pyroxenes 
orystallised at shallow levels probably in the superstructure of 
the volcano,. The Group lIb amphibole gabbró pyroxenes crystallised 
under hydrous conditions around 5kb. p1l 20 9 while the Group ha 
pyroxenes from the dunite-4:ehrlite—gabbro inclusion suite crystallised 
somewhere between 4 and 10 kb. pressure in ascending magma columns. 
Group lb pyroxenes have been smapled from various depths, but all 
ill 
have crystallised below 10 kb. pressure. 
64. AM?HIBOLES 
Kaersutite has been found in the amphihol.e gabhro nodules, 
i•;here it coexists with titartiferous salitic augite, altered plagio-
clase and iron ore, but with the notable absence of olivine. The 
kaersutite occurs as roughly orientated black-brown prisms up to 
5 mm. long and 2 mrs. wide. It is extremely fresh in aDpearance and 
characteristically zoned and strongly pleochroic from Dale-straw 
to dark red-brown. Chemical analyses of cores and rims are given 
in Appendix C. It is apparent that SW 2 , PeO, i(0, Na 20, MnO and 
Cr20 3 increase from core to rim, while MgO,, A1 20 3 and TiO2  are 
depleted. CaO however remains roughly constant. 
The kaersutites are relatively titaniferous, but show close 
compositional similarities with kaersutites in plutonic xenoliths 
from Tristan da Curia (Le Maitre, 1969) and Rodriguez (Upton et al, 
1967). The similarity is even more striking when comparing these 
amphibole gabbro nodules as a whole, as each type exhibits a similar 
petrography of kaersutite, titaniferous.augite, plagioclase and ore, 
but absence of olivine. 
Yoder and Tilley (1962) demonstrated that the assemblage 
amphibole + pyroxene + niagioclase is stable in some hydrous basaltic 
melts at pressures greater than 1.4 kb. and less than approximately 
6 kb. Furthermore, Helz (1973) showed that ]caersutite, which is 
usually associated with alkali basalt provinces, can crystallise 
from a tholeiitic liquid at 5 kb. pH2O and 10000  C under hydrous 
conditions. 
Thus the above evidnce points to the origin of the aniphibole 
gabbro nodules by crystallisation from transitional tholeiite magma 
at around 5 kb. (15 km. depth) under hydrous conditions. This 
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pressure of formation would also agree with the evidence from the 
A1 6/A14 ratios in the coexisting pyroxenes, which show that crystall-
isation occurred at slightly elevated pressures near the loier 
granulite facies, compared to the low pressure regime of the 
pyroxene phenocrysts in the basalts. 
The limited occurrence of am'ohi'oole galYoro nodules in the 
Oceanite Series, suggests that hydrous conditions during magma 
crystallisation are due to local build-up of volatiles, :ather than 
being representative of the general crystallisation behaviour of 
the bulk of the Reunion maa. 
Amphibole is also present as a minor phase in Ithe layered 
gabhros of the Cirque de Salazie, 
6.5. BIOTITE 
Occasional small xenocrysts of highly pleochroic mica have 
been observed in some Older Oceanite Series explosion breccias. The 
two analysed crystals presented in Appendix C have 	/FeO ratios 
of 3.31 and 1.67 resp ?ctively. t2hus, using the terminology of Deer 
et al (1962, Vol. 3), the mica with the high rl/FeO  ratio is a 
phiogopite, while the other, with a ratio of less than .2 is a biotite. 
Phiogopite mica is known to exist overa wide range of pressure 
and temperature. The experimental data at present available (Kushiro 
et al, 1967; Yoder and Kushiro, 1969; Modreski and BOettcher, 1972), 
indicates that the stability field of phlogopite is likely to extend. 
dowi into the upper mantle, although the presence of grouncimass phlo-
gopi -te in many lava flows testifies to its wide range of stability. 
However, phlogopite also varies considerably in composition depending 
on its crystallisation environment 0 The Reunion phlogopite bears a 
close similarity, especially in its high Ti content, with phiogopites 
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from the garnet lherzolite nodules in the Lashaine volcano 
(Davison et al l 1970) and to a certain extent with the phiogopite 
xenocrysts from Jan Mayen alkali basaits (Flower, 1969, 1971), The 
experimental data of Forbes and Flower (1974), hos that Ti-
phiogopite is stable at substantially higher temperature at all 
investigated pressures than its r2jfr ee ana1oe and could behave 
as a refractory phase in the upper mantle. However, above 20 kb., 
they suggest that titanphlogopite would be expected to buffer initial 
melting and constitute the low melting fraction. Thus, the 
possibility exists that the phlogopite xenoorysts in Reunion 
breccias have a deep—seated source, although the wide stability 
limits of the mineral preclude further assessment of their depth of 
origin. 
6.6. fLAGIOCLASE 
Basic plagioclase in the Older Oceanite Series rocks is 
usually altered to zeolites, or in the higher grade alteration, it 
has been replaced by albite. Occasional fresh or partially altered 
plagioclase has been observed in chilled rims of lavas and brecoia 
clasts, where it shows a patchy develOpment of sector zoning. As 
sector zoned plagioclase has only been hitherto observed, in sub-
marine volcanic rocks (Bryan, 1972), this is taken as further 
evidence of the su'ornarine origin of the Older Oceanite Series, 
The compositions of unaltered Oceanite Series plagioclases 
are listed in Appendix C. Analyses from Upton and Wadsworth (1972 ) 
have also been used in the text. 
Phenoci7st plagioclases in the Oceanite Series basalts. range 
in composition from An73 	, while the groundrnass plagioclases 
vary from An69 - 58' Plagioclase in the layered gabbro occurs both 
as a cumulus phase and interstitially. Compositions are within the 
11 t: 
narrow range An79 
The inclusion suite shows the widest variations in plagioclase 
compositions, ranging from An86 - 62.in feldspathio wehrlites to 
An69 - 46 in the 'gabhroic inclusions. 
The calcic nature of the plarioclase may be determined by the 
composition of the parent ma.gma and/or the physical conditions 
during c.rystallisation, particularly pH2O (Yoder, 1969), The earliest 
plagioclases to orystallise in equilibrium with mafic magmas, 
especially in layered intrusions, have been generally found to range 
in composition from An90 - 850 However, marked variations in the 
initial piagioclase compositions are not uncommon. Thus, the Reunion 
layered gabbro has plagioolases with composition An79 	. As 
pointed out by Brown (1967)9 it is not, certain whether such. changes 
in the initial plagioclase compositions are due to subtle changes in 
parental magma compositions between the different layered intrusions, 
or due to the influence ofpH 20. According to Yoder (1969), in the 
water-saturated systems Diopside-Anorthite-H20 and Albite-Anorthite-
H20, with increasing p'12O, the eutectics are depressed to lower 
temperatures and shifted towards more anorthite-richcompositions. 
Whilst the Oceanite Series lávas show little textural evi1ence of 
the role of volatiles in their genesis, it has been stated by 'Upton 
and Wadsworth (1972), that the sharp layer boundaries in the layered 
gabbro may have been produced by irregular fluctuations of pH 2O in 
the magma body causing the liquid to lie along the various cotectics 
and boundary surfaces in the natural 'basalt' system. They also 
suggested that the unusually intense explosive event producing the 
Cap la Houssaye agglomerates was correlated with a localised con-
centration of volatiles during strong fractionation. Thus it is 
suggested that due to the influence of volatiles, particularly 1120 
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vapour, plagioclases from the layered gabbro and Cap la Houssaye 
inolusion suite are more calcic than plagioclase phenocrysts in 
the b.salts and other inclusions. The influence of p 2O might also 
explain why pla.gioclases from the Differentia±d. Series are generally 
more calcic than plagioclases in Oceanite Series. lavas of equivalent 
composition, as there is abundant textural evidence in the former 
of hydrous minderals, especially hornblende and biotite in the 
groundmass. 
6.7. SPINELS 
'robe data on spinels are presented in Appendix C although 
analyses of Upton and Wadsworth (1972) from Piton de la Fournaise 
have also been used in the text and diagrams. The amount of ferric 
iron has been calculated assuming spinel R 304 stoiohiometr3r. 
The spinels are titaniferous ferri-chromites and are most 
commonly enclosed in olivine. They fall into three groups according 
to their observd crystalli8a.tion environment0 These are: 
GromI Phenocrysts in basalts 
o3II Chromites from the dunite-wehrlite-gabbro inclusion 
suite 
Group III Chromites in Older Ocanite Series aerpentinite 
broccias 
Fig. 6.10. shows that there are significant. differences between 
--2+ the three grøups with.respect to their 	Cr and 	 ratios,M + Fe 
Group I chromites have high Cr and fairly' constant 	ratios, Cr + Al 
but variable 	Piz-2 .+ -ratioss which decrease from core to rim. Group Ng + Fe 
III ehrómites have the same range of Mg + Fe ratio, but lower Cr 
Cl and Cr + Al ratios, In contrast, the Group II inclusion suite 
chromites show a much wider range in Cr contents and -- -. 1 ratios. + CrA 
in addition, chromites from dunitie inolusions apparently follow a 
FiG. 6.10. 
Cr ______ 
- against Ng + Fe2+ in cation ratios for Ooeaiute Series 
chrome—spinels. Inclusion suite spinels include Piton de la 
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different trend to chromites in wehrlitic inclusions. This could 
be due to a spinel-silica-te reaction when spinel is in the presence 
of pyroxene, as suggested by Upton and Wadsworth (1972). 
A olose correlation exists between the composition of chromite 
rims in olivines and that of the host olivine crystal; the more 
Mg-rich olivines are associated with the more Mg and Cr-rich chromites 
as shown in Fig0 6.11. However, there is no correlation between 
o'hromite cores and host olivines, suggesting that only the rims 
have equilibrated with the host olivines. 
Estimaintemperaturesof crtal1isation of the chrornites 
The temperatures of equilibration of host olivine and chromito 
rims have been derived using Jackson's (1969) expression. Apparent. 
temperatures of equilibratioui range from 1112 - 1804 0  C, These 
values are probably -too high noting that most olivine basalts are 
erupted around 12000  C. Similar high temperatures of equilibration 
have also been calculated for Hawaiian lavas by Evans and Wright 
(1972 ). They concluded that Jackson's equation cannot be applied 
to obtain accurate temperatures of formation of Hawaiian terrestrial 
ohromites. 
However, using the diagram of Evans and Frost (1975) for 
olivine-spinel pairs gives more realistic temperatures of around 
12000  C: for chromite cores and lower values for most chromite rims, 
suggesting that there may have been subsolidus re-equilibration 
between chromite and olivine. Temperatures greater than 12000  C 
are indicated for the chromites from the serpentinite breccias. 
Comparison with other spinels 
Reunion spinels generally resemble spinels from stratiform 
intrusions (Irvine, 1967) and from Hawaiian lavas (Evans and Wright, 
1972). The dominant trend is of decreasing 	- ratios, which Mg + Fe 
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is probably, by analogy with the factors governing olivine 
composition, due to the chanrdng composition of the host liquid 
during crystallisation. The 	
Cr 
Cr ratios may -:ary with additional 
factors such as temperatures and pressure. A trend of changing 
Cr ________ 
Cr + 	
ratios with only small variation of 	+F is typical of 
s)inel8 from peridotite nodules in generl and is also shown to 
a certain extent by the clunite and. ?ehrlite inclusions in Reunion 
basalts. This variation may reflect the different depths or 
temperatures of origin, rather than the compositional effect of 
the crystallising host liquid. 
Spinels from peridotite nodules are more aluminous than 
Reunion sinels. High alumina content in spinols is takcn by Irvine 
(1967) to be indicative of a high pressure origin. Thompson (1974) 
also found very alurninous srine1s with A1 20 3 of 26% and Cr203 of 
24% occurring as inclusions in olivine phenocrysts from inferred 
primary basalts of Skye. The most aluninous Reunion spinels with 
Al 203 of around 19% occur in the serpentinite breccias and these 
also show the widest variation in A1 203 content (ii - 19%) of the 
three groups. This wide variation may be partly due to subsequent 
subsolidus re-equiiibration in the spinels. 
Fig. 6.12 shows there is no correlation of A120 3 content with 
Fe 	ratios in the sine1s, as would be expected if aluminium 
Fe + Ig 
content in srinels is dependent on host liquid composition. The 
exceptions are the spinels from wehrlite inclusions which have low 




could be due to a spinel-si1ioate reaction when pyroxene is on the 
liquidus with olivine, as discussed by Upton and wadsworth (1972 ). 
The spinels in dunite. inclusions show a wide variation in Alith 
little change in the 11g! Fe ratio, which probably reflects the 
i'j,r. 	U L 
A1,)O aga1ns' 	
14 	in Oceanite Series chromlte9. Inclusion 
Mg+Fe 
suite chromites include Piton do la Fournaie analy2os of Upton 
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presence of dunitic bodies at different t1epths and/or of considerable 
thic1ess below Reunioi. 
6.8. Fe-Ti 0XIDS 
Fe-Ti oxides occur as a grouiidmass phase in the basalts and 
are also present in the layered gabbro and amphibole gabbro nodules. 
Preliminary reflected light studies show them to be generally 
homogeneous, indicated that rate of cooling below 6000  C was 
sufficiently rapid to prevent any unmixing (Vincent et a]. 1957)0 
However, exceptions are ilmenite exsolution in magnetites from the 
amphibole gabbro nodules and the other gabbroio bodies. 
Where possible the probe analyses have been recalculated for 
Fe203 content assuming R 
3 0 4 
 stoichiometry. In oth'er' oases the 
resulting totals are still very low, but when all the available iron 
is allotted to Fe20
39 
 the totals are near i00% and plot on the 
pceudobrookite-haernatite (maghemite) join as shown in Fig. 613. 
The latter oxides probably result from secondary oxidation of pre-
existing ulvospinel-type oxides. 
6.9, SULPIIIDES 
'Small sulphide globules are found in silicate inclusions in 
olivines and also as trails of secondary inclusions usually along 
"healed" fracture planes in.olivines, as reported by Upton and 
Wadsworth (197). Sulphid.es in the trapped silicate melt inclusions 
(Chapter 7) are of.pentiandite composition, while those forming 
globules along healed fraciuve planes consist of pyrrhotito and 
pyrite. Pyrrhotite sulphides are occasionally found in the ground-
mass of Reunion basalis. 
6.10. APATITE 
Apatite is an abundant mineral in the amphibole gabbro nodules. 
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PlC, 6.13. 
Fe—Ti oxides frorn.the Oceanite Series in the system Fe 20 3 , Ti029  
FeO mole per cent. - 
Filled circles = Fe—Ti oxides in basalts C = groundmass 
Open c1ianonds = Fe—Ti oxides in amphibole gabbro nodules 
Stars = Fe—Ti oxides in layered gabbro 
1109 
Fe20 	 FeO.FeO3 	 FeO 3 magnetite 
haematte,rnaghernte 	 Mole 	percent 
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6.11. ALTERATION MINERALS 
A description of the minerals formed during low—grade 
metamorphism of the Oceanite Series, together. with other alteration 
minerals is nresented in Chapter S. 
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7. PRM'PEI) MLP INCLUSIONS IN CLI VINI FROM OCANIPE SERIPS 
BASALTS 
1.. INTRODUCTION 
Inclusions in olivine from the Oceanite Series are of several 
types. These are:- 
Chromito inclusions 9 usually euhedral and 
ubiquitous, especially in the oceanite rock 
types. 
Small sulphide, glass and fluid inclusions 
occurring in trails, often along healed 
fracture planes and traversing gm.in boundaries 
(Plate 7l.). These conform to Roedder's 
(1965) definition of secondary inclusions, 
which have been trapped after the main growth 
of the olivine., 
Primary silicate inclusions trapped during 
growth of the olivine. They have either 
quenched to a glass or have precipitated small 
crystals. Occasional smalifluid bubbles and 
suiphide globules are also present (Plate 7,2.). 
Inclusions are also present in other silicate phases e.g. 
plagioclase (Plate 7.3.). They are not as abundant as inclusions 
in olivine and await further study. 
This chapter rpresents a preliminary study of the petrography 
and chemistry of the inclusions. Detailed studies would present us 
with a documented history of the Reunion magmas, starting at the 
time of entrapment of the.melt in the olivine. However, the present 
study has been initiated with the objective of elucidating the 
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PLATE 7.1. (x 160) Plane Polarisec3. Light 
Secondary suiphide, g1as and fluid inclusions occurring in trails 
in olivine. 
PLATE 72. (x 50) Plane Polarised. Light 
Primary silicate inclusions in olivine, consisting of plates of 
plagioclase, glass and a fine mat of clinopyroxene. 





4 V ol 
ii 
126 
PLA 	7,3. (x 50) Plane Polarised Light 
Glasc inclucion following the crystal oUtline of a lioclase 
henocryst in olivine basalt. 
py r1r', 	
7 . -f 
A 
I 	. 
Reflected light photomicrograph of trapDed silicate melt in divine. 
Black area in centre of inclusion is a hole. Vaoour bubble occurs 
in middle—left of inclusion. High reflectivity specks around perimeter 
of inclusion are sulphides. Another inclusion is present in top 
right hand corner of the photo. 
ar = armalcolite: oh = chrornite: ol = olivine: opx clinopyroxene: 
gl = High—Si glass. 
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nature of the primitive Reunion magmas. 
METHODS 
Representative samples of olivines from 1, 2 and 3 phenooryst 
phase basalts in the Oceanite Series were chosen. Brief' descriptions 
of the rocks are given in Table 7.1. The rocks were then crushed 
and where possible, fresh olivines with visible inclusions were 
hand—picked. The inclusion—filled olivinea were then examined and 
photographed immersed in refractive index oil so that their form 
could be observed in three dimensions. After this the olivines 
were mounted in araldjte in small, brass—necked, hollow cylinders 
and hand—ground on silicon carbide paper, Grit size 600, until 
examination under the reflecting microscope revealed the inclusion 
at the surface. The surface was then polished with diamond paste 
and examined and photographed under a reflecting microscope with 
oil immersion lens, so that grain boundaries could be clearly 
identified. Analyses of the phases in the inclusions were then 
performed on the electron mioroprobe. 
Where it was not possible to extract the olivines easily from 
the rocks, the inclusions were analysed where revealed at the 
surfaoe of a probe section out randomly through the whole rock. 
PETROGRAPHT 
The inclusions range in size from less than a micron to 
0.4 mm. The smallest inclusions consist of glass, fluid or sulphide, 
while the larger ones often contain all three and have crystallised 
daughter minerals. Many of the daughter minerals are too small for 
most optical tests or microprobe analysis and hence remain 
unidentified. However, other phases are large enough to permit 
identification. 
A. Opaque phases 
• 	 TABLE 7.1. 
DESCRIPTION CF BASALTS COSENFORTRA?PfDP\EL1 INCLUSION ST.1D1ES 
Rock I'o, 	 Locality 
	 Series 
	 Type 
	 Silicato phenocrysts 
Younger Oceanite 	 Flow 
Yourer Oceanite 	-Basalt clast in 
agglcrerate 
Older Oceanite 	qlassy rim of lobate 
lava unit 
Older Oceanite 	Centre of lobate 
lava unit 
Re 463 	Riv. St. Denis section 
Re 852 	Cap la Houssaye 
Re 705 	Riv, St. Etienne 
Re 754 	R1v1 Ste Etienne 
OlivirLe + cpx. 4 plag. 




Commonly more than one ooacue nhase is present. Silicate - 
inclusions often rartially or wholly enclose small euhedral chromite 
inclusions as shown in Plate 7.4. The chromits have the same 
composition as other chromites occurring 'in olivine without melt 
inclusions, so it is considered unlikely that chromite crystallised 
directly from the trapped melt. It seems more probable that the 
melts became trapped around chromites thtring growth of the olivines. 
Some inclusions cOntain a single opacue plate (Plate 7.4.). 
One analysis was obtained on one of the larger plates, although 
it is by no means certain if the composition is representative of 
all the oPaque plates in the melt inclusions. The analysis shown 
in Table 1.2. is of high-Ti phase with substantial amounts of 
Fe, Mg and Al. The composition and calculated formula suggest it 
is armalcolite, a common opaque mineral in lunar basatls, but only 
kwwn from one terrestrial occurrence in a kimberlite dyke (Haggerty, 
1975). Table 7,3. shows the Reunion armalcolite is poorer in Ti0 2 
and Cr203 but richer in A1 20 3 compared to the other terrestrial 
armalcolite and lunar armalcolites. Within the precision of the 
probe analyses, the presence of F03+  cannot be unambiguously oxcludedQ 
However, on recalculation to an ionic formula where Ô 5 9 Ti has 
a value of 1.83 out of a maximum possible value of 2.00. inasmuch as 
half of any Fe3+  present must replace Ti, there is not much 
possibility of significant Fe 3 in the armalcolite. 
The absence of a ru.tile and MgO-rich ilmenite rim surrounding 
the Reunion armalcolite is unusual, but is probably due to the 
protection afforded by the olivine host from reac:ion with the out-
side liquid (c,f. El Goresy et al, 1974). It is not certain if the 
armalcolite crystailised from the trapped melt, or if the melt. 
became trapped around-nrc-existing armalcolite as it. has done around 
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TABLE 
ABMALCOLITE ANALYSIS AND STRUCTURAL P0RMULP 
Si02 0.31 Si 
A1203 5.00 Al 
Cr203 0011 Cr 
Ti02 68.65 Ti 
FeO 15.38 Fe2 
MnO 0.08. Mn 
1\l90 9.70 Mg 
CaO 0.45 Ca 
Na20 0.07 Na 
K 2  0 0.08 
K 
NiO Ni 


















Reunion iCirnberlite Lunar 
SiO,, 0 1 31 0.26 n.d. 
A1203 5.00 0.02 0.97 	2,18 
Cr203 0011 1.64 1,02 - 2.15 
Ti02 68.65 76.92 70.90 	75,60 
FeO 15038 13.47 11.32 - 18.01 
MnO 0 1 08 0,54 0.01 - 	0.08 
MgO 9.70 7.08 5.98 - 11.06 
CaO 0.45 0.06 0.01 - .0.32 
0.07 n.d. i.d, 
1(20 0.08 n,d. n.d. 
NiO 0.04 n.d. n,d.. 
Total 99.87 9999 
n.d. not determined 
I 
chromite crystals during olivine grorth. The apparent absence of 
arma.lcolite in other melt inclusions of similar mineralogy and 
composition would indicate that it was a pre—existing phase. However, 
it may be that armalcolite exists below the surface of the other 
inclusions, or may have been lost during grinding and polishing of 
the olivines. The fact that the armalcolite in Plate 704 shows no 
reaction rini indicates that it was in eouilibrium with the trapped 
melt. Its complete enclosure in the inclusion might also indicate 
that the armalcolite has crystallised from the trapped melt. Indeed 
the mere presence of armalcolite implies unusual reducing conditions, 
possibly at the crystal—liquid interface of a growing olivine. 
Some opaque phases appear more certain to have crystallised 
or separated from the melts after entrapment. The larger inclusions 
sometimes contain small plates of an opaque mineral occurring in a 
parallel arrangement (plate 7.5). Their reflectivity suggests 
arrnalcolite or ilmenite, although the crystals are too small for 
verification by probe analysis. 
• 	Many inclusions have a second opaque phase in the form of one 
or more spherical particle(s) which have very high yellowish 
reflectivity suggesting a sulphide phase (plate 7.4). Partial 
analyses show the sulphide is Ni—rich and approaching a pentland.ite 
oomposition, although the small size of the particles does not 
permit accurate determinations. The presence of small, rounded 
spherical sulphides in the silicate inclusions suggests that an 
immiscible sulphide phase has separated from the melt. 
B. Clinoyroxene 
Clinopyroxenes are observed as crystallisation products from 
liquid (Plate 7,01 and as deridritic forms crystallised from glass. 
They occur in inclusions where olivine has crystallised onto the 
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FLATF 7.5. Plane Polarised Light 
Traed silicate melt inclusion in olivine showing parallel plates 
of an opaque mineral in glass. The left-hand margin of the inclusion 
is on the edge of. the olivine crystal. 
Each small-scale unit is 10 microns. 
PLATE 7•• Crossed Polarisers 
Trapped silicate melt inclusion in olivine. Opaque.plate.projects 
into olivine wall on extreme right-hand side of inclusion. Trails 
of secondary inclusions occur along top half of the photograph. 
cpx = clinopyroxene: ol = olivine: m = mica: gi . glass. 
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TABLE 7.4, 
Si02 44.58 42.54 46.55 46.78 44.97 46.74 45.71 
TiO2  2,51 4.15 
2.32 2.50 3018 3.15 3.30 
A1 20 3 7.92 11.72 8.15 7,22 9.98 7.33 8.66 
0.23 0.10 0,27 0.38 0.23 0.40 0.42 
4.45 0.00 1.94 3,44 1,83 1,54 1,55 
FeO 4,30 9.12 3.66 2,74 2,80 4.58 3.87 
MgO 12.26 9.17 13.44 14.21 13.30 13.79 13.57 
NnO 0.13 0.16 0,09 0.15 0,08 0.10 0,06 
CaO 21,59 20,47 22,19 21,80 21.98 21,52  21,67 
xa2O 0.35 0.45 0,33 0.40 0.38 0,37 0,34 
1(20 0.00 0.00 0.03 0.04 0,02 0.04 0.03 
N10 0.00 0.00 0.11 0.07 0,08 0,06 0,1 
TOTAL 2i2 97.88 2Q2. 99071 98.83 99, 21 
FORMULA ON 	BASIS 	0F6'O' 
Si 1.10 1.64 1.74 1.73 1.68 1,74 1.70 
A].(Z) .d,30 0.36. 0.26 0,27 0.32 0,26 0,30 
A1(Y) 0.05 0.17 0,10 0.05 0,12 0,06 0,03 
Ti 0.07 0.12 	. 0.07 0.07 0,09 0.09 0,09 
Cr 	. 0,01 0.00 0101 0.01 0.01 0.01 0,01 
Fe 0.13 0.00 0.05 0.10 0.05 0,04 0,04 
0.14 0,29 0,11 0.09 0.09 0.14 0.12 
Mg 0,70 0,53 0.75 0.79 0,74 0,77 .0.75 
Mii 0,00 0.01 0,00 0001 0.00 0.00 0,00 
Ca 0,38 0.84 0,88 0.87 0,88 0.86 0,87 
Na 0.03 0,03 0,02 0,03 0.03 0.03 0.02 
K 0.00 0.00 0.00 0.00 0.00 0.00 0,00 
* 	'203 Ca 	 . 1oU1at. a2Urniflg R20 3  otoichiometry 
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TABLE 	7.5. 
BASALTIC GLASSES Re 127 
1 2 Ave 
Si02 48.20 49.10 48.65 48.14 
T102 2.83 2,63 2,73 2,67 
A120 3 14.50 14.60 14,55 15.93 
Cr20 3 0,01 0.04 0.03 0.02 
FeO 10.10 9.98 10.04 11,09. 
MgO 5093 5.56 5.75 5.60 
MnO 0.17 0.13 0.15 0,19 
CaO 12,90 13.10 13.00 11,09 
Na20 2.24 2,54 2.39 2,64 
K 2  0 0,87 0.81 
0,84 0.75 
NO 0.08 0.00 0.04 0,05 
Total 97.83 98.16 _____ 
Gomp. of 
oliv. host 	F084 P084 
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inclusion walls, as shown by the zonation outwards from the edge 
of the inclusion to the more magiesian composition of the host 
olivine. Table 7.4 shows the clinoiyroxenes are very aluminous 
possibly suggesting crystallisation at e1evatc3- pressure. 
Other minerals 
Plagioclase is Dresent in some melt inclusions (Plate 7.2) 
and occasional brown pleochroic minerals have been observed which 
are probably biotite or phiogopite mica (plate T.Q. 
Glass 
Glass is present in many melt inclusions, occurring either 
alone or with other crystalline phases (plate 7.4). It shows a 
wide compositional range dependent on host olivine composition, 
as would be expected from olivines that have trapped melts at various 
stages in the evolution of Reunion magmas, The oomosition of the 
glass would also vary according to the degree of crystallisation 
in the melt inclusion. 
The glasses may be divided into three main compositional groups. 
±) Glasses of basaltic, comDosition 
Table 7,5 shows these glasses have compositions close to the 
most evolved Oceanite Series basalts with MgO approximately 6% 9 so 
could represent liquids that have undergone extensive olivine 
, 
fractionation prior to entrapment. The 
Fe  Mg ratio of the glass is 
too high for it to have been in equilihriun with Fo 84 host olivine, 
but this could be accounted for by crystallisation of some olivine 
onto the walls of the (once larger.) inclusion. These glass com-
positions are also compared in Table 7.5 with an Oceanite Series 
basalt of similar MgO content. There is a close sinilarity in.the 
concentrations of most elements, except that FeO and A1 90 3 ere 
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lower and CaO is higher in the basaltic glasses. These differences 
probably result from different diffusion gradients set up at the 
olivine/liouid interface during entrapment, so that the original 
trapoed melt may iiot, be entirely representative of the liquid from 
which the host olivine has crystallised, especially with regard to 
its FeO, Al 20 3 and CaO contents. 
ii) Low-Tig glasses 
Table 7.6 shows these glasses have more anomalous compositions 
especially in their low-Mg contents, which are lower than any analysed 
basalt from the Oceanite Series. The glasses are included in embayed 
and skeletal olivines which are indicators of rapid crystal growth 
and/or chilling. Probably olivine has been extracted from the 
trapoed melt very rapidly, leaving the licuid (now glass) depleted 
in 'MgO. However, there is still an approximate adherence to basaltic 
compositions dependent on host olivine composition. Thus, the most 
Si-rich glass is included in the most Fe-rich olivine, 
•iii) 	h-Si gsses 
These glasses have unusual compositions which are not represent-. 
ative of any basalt compositions in the Oceanite Series prticulariy 
with respect to their high SiO 2  contents of around 65% (Table 
The glasses are included, in a highly magnesian olivine of Fo 89 
composition that is clearly out of equilibrium with its bulk rock 
composition (Upton and Wadsworth, 1972; Table 1, Re 463) using the 
Roeder-imslje distribution coefficient. These olivines have 
orystallised from a much more picritic liquid than the bulk corn-
position of the host rock which has MgOof about 8%.. 
Several daughter phases are present in the trapped melt 
inclusions containing the high-Si glasses. These are:- 




























































































euheciral crystals in the glasR (Plate 
7.4;for compositions see Table 7.4) 
Small 1i—Fe su1hide globules seiarated as 
an immiscible phase and usually occurring 
round the perimeter of the inclusion (1ate 
7.4). 
Olivine that has crystallised on the wall 
of the inclusion, as shown by the trogressive 
outward zonation to the more magnesian corn- 
position of the host olivine (Fo 89 ). 
Armalcolite, although it is not entirely 
certain if this mineral has crystallised 
directly from the traped melt (see section 
7 .3A.). 
Several of these silicate inclusions are present in the same 
olivine. Each one has glass, clinopyroxene, suiphide, olivine and 
armalcolite (?) of very similar composition and approximately the 
same relative proportions. It is therefore concluded that the ?4g-
rich olivine trapped liouid of uniform composition that could be 
representative of a primitive Reunion magma, given the reservations 
about PeO and A]. 20 3 loss and CaO gain sho'rn by the basaltic glass 
inclusions. 
It is also apparent that the High—Si glass is the residual 
liquid remaining after divine and clinopyroxene crystailisation. 
In these respects, it is interesting to note that although the 
Oceanite Series rocks have no compositional equivalent to the high-
Si glasses, the overlying Differentiated Series contains evolved 
syenites of comparable Si-enrichment (Table 7.8). Whilst the complete 
petrogenesis of the Differentiated Series is beyond the scope of 











































mechanisms for its origin. Upton and. radsworth (1972) have 
demonstrated that the Differentiated Series cannot be regarded 
merely as a continuation of fractionation from the most evolved 
(?g—depleted) shield—stage Oceanite Series, as for the same MgO 
contents, the Differentiated Series lavas are enriched in alkalies, 
Fe and V and depleted in Si Zr, Cr, Y and Ni. They proposed that a 
large body of primitive Reunion magma was trapped below Piton des 
Neiges during diversion of the main supply to Piton de la Fournaise. 
This stagnant body then underwent fractionation at intermediate 
pressures of olivine and pyroxene, before rising to the surface 
fractionating low—P assemblages (olivine, plagioclase, olinopyroxene, 
Fe—Ti oxides, etc.) to produce the wide spectrum of compositions from 
basalt to trachyte and syenite. 
The occurrence of olivine and aluniinous pyroxene in melt 
inclusions in Mg-rioh olivines supports the feasibility of ankaramitic 
fractionation at intermediate depths, the extreme product of which 
produced Si—rich liquids. The compositional differences between 
High—Si glass and average syenite might be the result of fractional 
orystallisation rather than equilibrium crystallisation of olivine 
and clinopyroxene and/or low pressure fractionation of dominantly 
feldspar, but possibly small amounts of olivine, olinopyroxene, Fe—Ti 
oxides, hornblende and biotite all of which are phases in the 
Differentiated Series, 
4. COMPOSITIO 	FE TRAPPED MELT INCLUSIONS CONTAINING 
HIGH—SI GLASS 
In order to estimate the composition of the trapped melt in 
the Mg—rich olivines, it is necessar.y to estimate the amount of 
olivine that has crystallised on to the inclusions' walls. probe 
analyses in steps of 8 microns away from an inclus.on/Olivine 
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boundary show there is an outward zonat ion with decreasing /Mg 
ratios in the olivine to the comDosition of the host olivine ( 89 ). 
Plotting FeO content in olivine aainst distance from inclusion shows 
a gradual zonation outwards to the magnesian host (Fig3 7.1.). This 
indicates that either huge quantities of olivine have crystallised 
from the trapped melt, or more likely there has been a diffusion 
of ions across the boundary between trapped melt and host olivine 
which has ' smoothed out" the comocsitional boundary. 
However, plotting NiO in olivine against distance from inclusion 
shows a sharp increase from 4 - 12 microns followed by a levelling 
off to the NiO content of the host olivine as shown in Fig. 7.2. A 
possible explanation for this observation is that on entrapment, the 
liquid was sulphur—saturated and therefore separated out an immiscible 
Ni—Fe suiphide, as evidenced by the suiphide globules in the inclusions. 
Separation of an immiscible Ni—Fe suiphide depleted the liquid in 
Ni so that olivine crystallising from the trapped melt was likewise 
depleted. Apparently, the difference in Ni content between host and 
daughter olivine has been preserved, so that. the compositional change 
which occursbetween 4 &12 microns from the inclusion may be the 
closest approximation to the boundary between trapped melt and host 
olivine. 
The initial composition of the trapped melt has then been 
calculated by estimating the mOdal proportions and average compositions 
of the glass and mineral phases in two melt inclusions containing 
the high—Si glass (Table 7.9.). Armalcolite is assumed to have 
crystallised from both ino1usiozz. Average values of the modal 
proportions of the phases other than olivine were macic by point-
counting at three different levels in each inclusion. The volume of 
daughter olivine has been calculated by assuming a spherical inclusion 
and using the evidence from Fig. 7.2. that the trapped. melt/host 
Fl 
PeO corrtent in olivine vs. distance from inclusion in tw trapped 
melt inclusions containing High—Si glass. 
Filled circles and triangles are two traverses away from let. inclusion. 
Open circles and triangles are twotraverses away from 2nd. inclusion. 
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TABLE 7°9 
AVERAGE COMPOSITIO1S OF PHASES IN HIGH-SI GLASS INCLUSIONS AND ESTTMATES 
OF TRAPPED MELT COIOSITIONS 
Clinopyroxene Glass Armalcolite PentlancLite* Daughter olivine Trapped melt 
Modal prop. 	70 28 1 1 Vol. % = 17-40 composition 
SW2 4674 64.93 0.31 40.72 49.17 - 46.83 
TiO2  3.15 
0.47 68.65 n 0 d 0 251 - 1.81 
A103 7033 22.24 5,00 n0d, 9047 - 6,85 
Cr203 0.40 0.05 0.11 n 0 d, 0.25 - 0.18 
PeO 5.97 0.91 15.38 Fe 32.55 14.87 6.60 - 8,89 
MgO 13.79 0.54 9.70 4366 15.64 - 23.40 
MnO 0010 003 0,08 0.22 0010 - 0.14 
CaO 21.52 2.32 0.45 n 0 d. 13.05 - 9,43 
Na20 0.37 6.66 0.07 n,d, 176 - 1.27 
K 2  0 0.04 1.78 
0.08 n.d, 0,44 - 0.32 
NiO 0.06 0,05 0.04 Ni 34.22 0,21 0.6 - 032 
S 	33,23 S 0,27 - 0.20 
Total 9941 99.99 99.81 100,00 
* Composition of stoichiometric pentlandite with Fe:Ni = 1:1. 
TABLE 7,:. (contd.) 
Inclusion 2 
Clinopyroxene Glass Aiialcolite Pentlandite* Daughter olivine Trapped melt 
Modal prop, 72 26 1 1 Vol. % 21 - 47 Composition 
S102 44,97 64,1 8 0,31 39,65 47,09 44.64 
Tb 2 3,18 0,52 68,65 n,d, 2,46 1q65 
A1 203 9.98 22,34 5,00 n0d, 1030 - 6,91 
Cr20 3 0023 0.00 0011 n,d, 0,13 - 0009 
FeO 4,45 1.15 15.38 Fe 32,55 12,93 5,86 - 819 
MO 13.30 1,24 9,70 45.45 17,45 - 26.66 
MnO 0,08 0.03 0.08 0,17 0.09 - 0,12 
CaO 21,98 2,58 0,45 , 13,04 - 875 
Na20 0,38 6,53 0,07 n,d, 1056 - 1,04 
K 2  0 0,02 198 
0.08 n,d, 0,42 - 0,28 
NiO 0,08 0,06 0,04 Ni 34022 0,22 0,35 - 0031 
S 	33,2 S 	0,26 - 0,16 
Total 98 . 65 100,61 __ 100.00 98,42 
ri.d. = 	not determined 
3.48 
olivine boundary is between 4 and 12 microns from the inclusion wall. 
The estimated range of initial trapped melt compositions reveal 
that the Reunion primitive magna was a picritic liquid. By analogy  
with the basaltic glass inclusions however, the compositions may be 
too low in FeO and 111203  and too high in CaO compared to the probable 
actual primitive magma corn osition. 
The melt compositions show cipse similarity with the estimated 
comnosition of the initial trapped liquid from it. Shasta olivines 
(Anderson, 1974). The main differences are the high K and Ti contents 
of the estimated Reunion -trapped melt (Table i.io.). The inferred 
primary magmas of Baffin Island (Clarke, 1970) and the komatiite 
analyses of Viljoen and Viljoen (1970 )9 are also much poorer in K 
and Ti. These differences could be the result of previous crystal 
fractionation nrocesses, wall—rock reaction, melting of a K, Ti—rich 
phase in the mantle below Reunion, or a combination of all three 
mechanisms. However, it is tempting to equate the K, Ti—rich nature 
of the Reunion trapped melt and for that matter the average Oceanite 
Series basalt, with the K. Ti—rich phiogopite xenocrysts found in 
some Older Oceanite Series explosion breccias. In particular Forbes 
and Flower (1974) suggest that titan—phiogopite behaves as a 
refractory phase in the mantle up to 20 kb., but above this pressure 
enters the liquid on partial melting. This K. Ti—rich liquids could 
be generated by partial melting of mantle containing small amounts 
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8. L0'i-GRAt 	ME1'A1ORP14ISM 
10 INTRODUC P ION 
Zeolites and other amygdale minerals are very abundant in the 
early volcanic rocks exposed in the three main cirques of Fiton des 
Neiges. In areas of more intense thermal alteration secondary 
minerals have pervaded the groundmass and .relaced phenocryst phases, 
but outsice the circiues away from the volcanic centre, most of the 
rocks remain unaltered. 
Lacroix (1912) gave early descriptions and identifications of 
some zeolites and also inferred an order of crystallisation where 
more than one zeolite was present in an amygclale. Later, Upton and 
Wadsworth (1969) suggested that the zeolite distribution displayed 
a crude zonation and more recently Nativel (197 2 ) described three 
distinct zeolite zones in the Cirque de Salazie. These zones in 
order of increasing depth are oharacterised by: 
ohabazit e—thomsonit e 
analcime 
fibrous and lme1lar zeolites 
The present studies reveal that all three cirques have similarly 
recurring zeolite assemblages which can be conveniently grouped into 
zones of progressive metamorphism. 
Examples of zeclite zonatiorx in other igneous and sedimentary 
sequences are now well—established (Coombs 1954, 1960, Coombe et al, 
19599 Iljirtia and Utada 1966, Kostov 1965,  1969, Walker 1960 a, b, 
Seki et al 1969, Jolly and Smith 1972 9 Sukheswala et a), 1974). 
Coombs et al (1959) concluded that similar recurring assemblages 
in a variety of environments of widely differing age supported the 
validity of a zeolite facies concept. Zeolite formation was largely 
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temperature controlled and increase in temperature favoured more 
dehydrated assemblages. 
More recent data from Japan however, (Seki 1969, Seki et al 
1969, lijima and Utade, 1966) have revealed vari,tions in zeolite 
content from area to area, that are unlikely to be purely temperature-
controlled. Therefore the influence of host rock and/or fluid com-
position must have a large influence on determining any zeolite 
assemblage. T4iyashiro and Shido (1970) have derived a theoretical 
scheme for possible stability relations in progressive metamorphism 
in zeoli -te assemblages, based on a series of dehydration reactions 
with increasing temperature. 
8.2. I4INERAL HABITS AND OBSERVED ASSEMBLAGES 
The following is a list of the secondary minerals found 




Thomsonite A- 	 Albite C 
Analcime A 	 Epidote C 
Scoleci -te A 	 Frehuite C 
Nesolite C. 	 Calcite C 
Chabazite A 	 Anthophyllite R 
Laurnontite R 	 Palo R 
Natrolite R 	 Smecti -tes C 
Heulandite H 	 Sericite H 
Stilbite H 	 Chlorite C 
Phillipsite C 
Harrnotome R 
Clinoptiiolj -1e R 
A = abundant 	C = common 	H = rare 
Each mineral was identified by optical, refractive index and X-ray 
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diffraction techniques. 
Nativel 0-972 , 1974) has given descriptions of most of the 
above zeoli -tes, and chemical analyses of thomsonite, chabazite, 
analcime and laumontite. 
Silica-rich zeolites like stilbite, heulandite and clinoptilolite 
are rather uncommon and not associated with the main thermal event, 
but have been deposited locally, probably later, from siliceous 
Differentiated Series solutions. 
Clinoptilolite and Harmotorne have not been previously described 
on Reunion. Clinoptilolite occurs in the Ciraue cle Cilaos (Source 
Thermale) as fine radiating fibres on "dog-tooth" ca1cite harmotome 
coexists with phillipsite and chabazite at one locality (Col de 
Taibit, Fig. 8,1). 
Of the non-zeolites, albite, epidote and prehnite are found only 
in the deepest eroded parts. Anthophyllite occurs with talc in 
highly sheared rocks of the Riv. des Fleurs Jaunes, Cirque de Salazie. 
Chlorite is found in the deeper eroded levels of all three oirques 
where it usually pseudornorphs olivine phenocrysts. Smectites are 
found at higher levels, both in the groundmass and partially replacing 
phenocryst phases. Calcite is common, occupying amygdale centres or 
veins. 
• 	A distinct zonation of second.ary minerals in amygdales in the 
three cirques is evident and the following assemblages have been 
observed in the compositionally uniform Oceani -te Series rocks, whose 
chief variation is in modal olivine content. 
Chabazite + thomsonite 	scolecite phillipsite 
Chabazite + thomsonite + phillipsite 
3. Chabazite + phillipsite + harmotome 
4, Clinoptilolite + calcite 
FIG. 8.1. 
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Analcime + scolecite ± chabazite 
Analcime + thonisonite 	scolecite 
Natrolite + thomsonite analoime 
T4esclite + scolecite ± thomsonite ± analcime 
Mesolite + scolecite + analcime 
Mesolite + scolecite ± heulandite + stilbite 
Scolecite + thomsonite ± phillipsite 
Mesolite + thomsoni -te 
Laumontite thomsonite analcime 
Laumontite + thomsonite + scolecite 
Albite + laumontite + quartz 




albite - epid.ote 
Albite + epiclote + analcime 




83. ZONATION BASED ON MINERAL ASSEMBLAGES 
- The elucidation of the physico—chemical conditions under which 
a given mineral assemblage forms, necessitates the use of zones 
based on mineral assemblagesrather than on appearance or disappearance 
of individual zeolites, or observed, orders of crystallisation. 
The progressive metamorphism of the rocks can be demonstrated 
by grouping the observed assemblages into zones that are consistent 
with the field and petrographic data. The zeolites are regarded as 
being approximately represented within the system An, Ne, Qtz, H20. 
To do so zeolites containing appreciable amounts of Ba, Sr or K - 
have to be excluded, but fortunately most commonly occuri'ing zeoli -tes 
contain less than 1% by weight of all these elements. However, 
phi11ipste has been used in the plots, although a- Reunion analysis 
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shows 3.09.. by weight K20. 
Other assutrrptions follow those of Miyashiro and Shido (197 0 ) 
viz. (a) the assemblages formed in eauilibrium with a fluid phase of 
nearly pure H 2 
 0 and (b) the pressure of the fluid phase is equal to 
that acting on the solid rhases. 
Previous comositional nlots of zeolites have been made by 
division into Ct and Na-rich groups (Miyashiro and Shido, 1970 ). 
However, this grouping has some limitations. Firstly the division 
is artificial, as natural zeolites always contain both Ca and Na and 
so compositions have to be plotted in terms of the nearest end 
members. Secondly it is not easy to ascertain whether coexisting 
Na and Ca-rich zeolites represent an equilibrium assemblage. 
For these reasons 1 have preferred to use the An-Ne-Si0 2-H 0 2 
tetrahedron and project from H 20 on to the anhydrous base, assuming 
an excess of 11 20 in the system. In this way more precise conmositions 
can be olotted and zones can be defined on coexisting Na and Ca-rich 
equilibrium assemblages. 
The compositional relations (projected. from H 20) of the 
Reunion zeolites and associated minerals in molecular props, are shown 
in Fig. 8,2. The component (Ca, Na2 )0 is numerically equal to A1203 
for zeolites and the tectosilicates An and We. Prehnite and epidote 
project outside the triangle as the A1 20 content is not diret1y 
related to the other components. Zeolites whose projections are 
coincident e.g. chabazite and laumontite have different water contents 
and do not represent equilibrium pairs. They do not coexist in 
the field. At equilibrium, the phase rule allows up to three zeolites 
to coexist with an aqueous solutioh at any arbitrary temperature and 
pressure* 
The projectioncan he used to group the observed assemblages 
0. 8.2. 
Compositional r1ations projected from H 20, of 11eunion zeolites 
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into five distinct zones of progressive metamorDhism, as shown in 
Fig. 8.3. 







The outcrop of the zones in the three cirques is shown in 
Fig. 8,4. 
1. Chabazite—thomsonite zone 
This, the uppermost zone s has the characteristic three—phase 
assemblages of chabazite—thomsonitephi1lipsite —(H 20) and chabazite-
scolecite 41120)  as shown in Fig. 8.3a. 
The appreciable amounts of potassium in phillipsite renders 
projection in the 4—component system susoect, but it is used in Pig. 
8,3a since it is a common zeolite in the chabazite—thomsonite zone. 
However, it also occurs in a 4—phase zeolite assemblage of chahazite-
th6msonite—scolecite—phillipsite—(H 20). This may represent a non-
equilibrium assemblage or more likely the result of the extra potassium 
component being added to the existing 4—component system. 
Harmotome has a very restricted appearance as have calcite and 
the smectites. 
This zone is the most widespread of the five forming much of 
each cirques' perimeter, where it us up to 500 m. thick. In the 
ciraue walls, zeolite—free rocks with a maximum thiciQiess of. 150-200 m. 
usually occur above the zone. However, towards the present centre of 
PIG. 8.3 a - o 
Zonal arrangement of zeolite assemblages. 
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Detailed map established from 89 zeolite looa1itie, showing the 
clistrihuiion of zeolite zones in the 3 circuos. 
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much of Piton des Neiges the overlying Differentiated Series lies 
directly on the chabazite-thomsonite zone. 
Analcirne-thomsonite-scolecite zone 
The characteristic three-phase assemblages are anaicime-thomsonite-
scolecite-(H 20) or more rarely analcime-thomsonite-natroljte-(}1 2 0) 
and analcime-scoleci -te-chabazite-(H 20) as shown in Fig. 8.3b. 
Calcite and smectites also occur soradica1ly. The zone is quite 
widespread throughout the ciroues at intermediate erosion levels, 
although it only reaches a maximum thickness of 250-300 fl. 
Mesolite zone 
The appearance of mesolite limits the wide compositional 
stability fields of the previous zones, and allows for a more varied 
zeolite content (Fig. 8.30),. The silica-poor assemblage of mesolite-
scolecite-thomsonite-(H 20) is the most widespread. Other 3-phase 
assemblages with more limited outcrop are mesolite-scolecite-
analcime-(H20) and meso1ite-analc 4-me--thomsonjte(H20). Calcite and 
smectites are accessory minerals. The occurrence of heulandite and 
stilbite in the mesolite zone is discussed below. 
The mesolite zone occupies about one third of the Cirque de 
Cilaos, where it is up to 400 m. thick. In the other two cirques 
it is usually confined to the deepest erosion levels, but surprisingly 
appears again at high levels in both cirgues (paths to Col do Fourche 
and Col de Taibit). 
Laumontite-thomsonite zone 
The characteristic assemblages are lautnontite-thomsonite-
analcime-(H20) or more rarely laumontite-thomsonite-scolecite-(H 20) 
as shown in Fig. 8.3d. The zone occurs only in the deep erosion 
levels of the Cirque de Cilaos, where it is less than 100 rn. thick. 
Walker (1960 b) also recorded an erratic laumontite zone below a 
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mesolite-scolecite horizon in E. Iceland. 
5. Aihite-eniclote zone 
The beginning of a greenschist facies is established by the 
albite-epidote join (Fig. 8.3e). 3-phase assemblages are albite-
epidote-laumontite-(H20). Albite-epidote-soolecite-(H 20) appears 
slightly lower down in the pile. Prehnite is widespread, but not 
usually found coexisting with other minerals. Chlorite is stable 
at the expense of smectites and is usually found pseudomorphing 
olivine. Calcite is abundant filling arnygclale centres. 
The zone outcrops in the Cirque de CHaos below the laumontite-
thomsonite zone, although erosion does not reveal its base. The 
thickness probably exceeds 400 m. 
8.4. INTERPRfl'ATION OF TNE ZONES 
The distribution of the secondary mineral assemblages is shown 
to be due to progressive metamorphism of the host rocks. This 
contrasts with 1der theories of zeolites being deposited from 
magmatic solutions with falling temperature during initial cooling 
of a lava flow. 
The main thermal event must have occurred during the hiatus 
between Oceanite Series and Differentiated Series eruptions. Further-
more the Oceanite Series must have undergone considerable erosion 
during this time to account for Differentiated Series lavas and 
breccias resting directly on the chabazite-thomsonite zone, in the 
central parts of the volcano. 
However, a few of the secondary minerals were probably not 
associated with this main event. Anthophyllite and talc occur along -
shear planes in the Older Oceanite Series and were probably formed 
during intense tectonic upheaval prior to the main thermal event. 
Clinoptilolite and heulandite found near Source Thermale, 
162 
Ciroue de Cilaos, and heulandite with stilbite found at Source Thermale, 
Hell-Bourg, Cirue de Salazie, are atyica1 of the main mesolite-
scolecite assemblages developed there. They are probably associated 
with later local thermal events of which the warm springs are a 
surface example. For these reasons, we consider clinoptilolite, 
heulandite and stilbite to be of low temperature origin, which 
agrees well with their high water content. 
Calcite fills many vesicles in the Differentiated Series and 
Oceanite Series. It is probable, therefore, that at least some of 
the calcite is not associated with the main thermal event, but is 
of later Differentiated Series age. 
The cross-section in Fig. 8.5 show that the zones are no 
uniformly flat-lying, but appear to dome up towards the present 
centre of the volcano. There appears to he a direct relation between 
intensity of zeolitisation andproximity to intrusions and volcanic 
breccias. In the deeper parts of the Cirque de Cilaos, the thick 
sheet swarms and numerous sinuous dykes leave only thin screens of 
country rook. The lowest metamorphic zones 4 and 5 are only 
encountered here in the three cirques. 
There are, however, three areas, Riv. des Galets and I'ar1a, 
Mafate and the Col de 
between doming of the 
and intrusive centres 
mesolite zone is surr ,  
These could represent 
has brought up fluids 
Fourche path, Salazie, where the relation 
zeolite zones and proximity to volcanic conduits 
is not apparent. Here the high temperature 
urded by lower temperature zones 1 and 2 0  
local hot areas where convective circulation 
from greater depths in the volcano. 
It appears then, that zeolite distributiDn is. dependent on 
three main factors: 
i) depth of burial 
8.5  a, b. 
Cross—sections t'hrough the zeolite zones. 
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proximity to main volcanic conduits and intrusive bodies 
convective circulation in the volcanic pile 
The probable cross—over reactions that define a higher 
temperature zone, result in dehydration, as expected by entropy 
considerations. However, individual zeolites with low water contents 
such as scolecite and thomsônite have wide stability ranges and eien 
coexist in the uppermost chabazite—thomsonite zone. Therefore they 
are probably stable over a considerable temperature range and their 
occurrence together will not reveal much information as to their 
actual temperature of formation. 
8.5. COMPARISON WITH OTHER AREAS AND INFERRED TEMPERATURES 
The zeolite content and zonation in Reunion compares closely 
with other auartz—free assemblages of E. Iceland, Ireland and the 
Deccan Traps (Walker 1960 a, b. Sukheswala et al,. 1974). However, 
their distribution contraste strongly with these areas, as the latter 
occupy flat—lying zones due to burial below probable fissure erupted 
lavas. 
Quartz bearing zeolite provinces have different zeolite 
minerals and assemblages (Coombs 1954, 1961, Coombs et al 1959, 
Seki et al 1969 9 lijima and Utada,1966). Nevertheless, using •the 
above zonation based on mineral assemblages, zeolite assemblages 
occurring in rocks of different bulk chemical composition could be 
predicted if the basic assumption of a virtually pure H 2  0 fluid 
phase still, holds. Unfortunately many zeOlite zonations are based 
on the appearance and disappearance of individual "diagnostic" 
zeolites, or on orders of crystallisation and not on coexisting 
mineral assemblages. More descriptions of assemblages are needed 
to establish -true zones solely dependent on the prevailing P, T 
conditions at the time of formation. Data can then be used to 
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elaborate or modify the exist irig zonat ion erected here. The 
theoretical scheme of Miyazhiro and Shido (1970) to derive possible 
stability relations in the zeolite facies is largely in accord with 
the proposed zonation for Reunion. 
There is little data on the stability fields of zeolites and 
associated mineral, so the estimated temperature of formation of 
the zones should only be taken as an approximation. The temperatures 
are based on experimental evidence and observations in active 
geothermal areas. 
Chabazite, phullipsite and natrolite are all low temperature 
minerals. All three have been deposited in the wall-rock of Roman 
Baths at Plombieres, where hot spring water emerges at a maximum 
temperature of 700  C. Phillipsite forms in deep-sea sediments at 
00 C., but no data is available on its upper stability limit. 
Senderov (1968) crystallisecl Na-chabazite from. synthetic solutions 
0 
of varying alkalinity at 135 
0 C. whilst at 180 C analcime crystallised 
instead. Analcime has a small stability range in quartz-rich assem-
blages due to the reaction: 
Analoime + quartz 	) albite + H 2  0 at around 200
0  0 (Liou, 
1971 b). However, in quartz-free assemblages like those of Rounicn, 
analcime has a much wider stability range up to around 5500  C when 
it dehdrates to albi -te, nepheline and fluid (Liou, 1971 b). This 
explains the occurrence of analcime in all zones from 2 - 5. 
NephCline has not been found in any amygdales, so apparently the 
temperature during metamorphism did not reach 
•5500  C at these erosion 
levels. 
Thomsonite is formed from glasses of prehnite and epidote 
oompostion up to 300 
0  C. / Fyfe et al91958j, so this figure probably 
gives an upper stability limit for the laumontite-thomsonite zone3 
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fl1T'Y 	 0 i 
ESTIMATED TEMFRATUS IN THE 5 M11ORPHIC ZONES 
Zone 
Chabaz it e-thomsonit e 
AnalOime—scolecit, e—thomsonit e 
Mesolite 
Laumont it e—thomsonit e 
Albite—epiclote 
Estimated temperature 
0 - 180°C 
180 - 225°C 
225 - 2800C 
280 - 300
0C 
300 - ? °C 
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Laumon-tite stability, like albite, is dependent on the presence of 
free quartz. It is formed at quite low temperature around 195 - 2200 C 
(Steinei 1955)  in presence of excess silica at Wairakei. However, 
in quartz-free rocks laumontite is unlikely to form from other more 
hydrated minerals at such low temperatures. 
The dehydration of laumontite to wairakite is not observed on 
Reunion. Wairakite appears to occur only in areas with very high 
geothermal gradients and in other areas launiontite is probably stable 
at higher temperatures with prehnite, albite and epidote as in zone 
5. The dehydration of prehnite to zoisite + grossular + qtz + 1120 
at 400 0C (Liou, 1971 a) is not encountered on Reunion, so this figure 
probably represents a maximum temperature reached during metamorphism 
down to these depths. 
Table 8.1. combines the above data to give estimates of the 
temperatures attained during metamorphism in each zone. 
86. CONCLUSIONS 	- 
1. The Oceanite Series of Reunion can be divided into five 
metamorphic zones with gradational boundaries. These are in order 






2. Most of the secondary mineral assemblages developed in the 
arnygdales can be ascribed to a thermal event which occurred before 
eruption of the Differentiated Series, 
3. Other assemblages are probably related either to early 
tectonic shearing during uplift of the Older Oceanite Series 
(anthophyllite—taic), or to late, local Differentiated Series thermal 
events (clinoptilolite q heuland.ite, stilbite, calcite)0 
The central part of Piton des Neiges volcano underwent 
considerable erosion after the main thermal event, so that Differentiated 
Series rocks now rest on zeolitised Oceanite Series without an 
intervening zeolite—free zone. 
The metamorphic zones formed by temperature increase, due 
to burial below later lavas and proximity to main volcanic conduits 
and intrusive centres in a circulating water system. 
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90 PE1IflOGEflSIS ANT) HISTORIC EVOLUTION OF TH1 OCEANITE SERIES 
9,1. TECTOIC SETTING FOR REUNION VOLCANISM 
The factors governing the location of oceanic island volcanism 
have been the subject of much debate in recent years and it is 
unlikely that any one mechanism can satisfactorily explain the 
origin of all the oceanic volcanic islands. Broadly sfleaking, possible 
causes of Reunion island volcanism can de divided into two categories. 
These are:- 
(i) Origin at a plate boundary 
(2) Intra—plate tthot—spot't origin 
A. Origin at a plate boundary 
A possible origin at the mid—Indian Ocean ridge could be 
construed from the very crude E.N.E. - W.S.J. aliguent of the 
Mascarene Islands of Rodriguez, Mauritius and Reunion. However, 
the islands do not show a progressive increase in age with distance 
from ridge (McDougall and Chamaulaun, 1969) so are unlikely to have 
formed at the ridge crest. 
McKenzie and Sciater (1971) have argued that the north—south 
part of the Mascarene Plateau, the Chagos—Laccadive ridge, Mauritiis 
and Reunion were all generated by volcanism along a passive plate 
margin, the Chagos fracture zone, an inferred transfortn fault some 
2 9 500 	. long, during a pause in spreading about 35 m.y. B'.?. 
However, this theory does not account for the : -opparently youndges. 
of Mauritius and Reunion, or for the isolated nature of Reunion, 
which is separated by depths of more than 4,000 m. from Mauritius 
and the Mascarene Plateau. Mauritius is also apiarently isclate 
from the rest of the Mascarene Plateau by the Rodriguez fracture zone, 
a prominent E - r trending feature in the Indian Ocean. Purthermore, 
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the evidence nresent in Chanter 2, questions the vdicUty of one 
large transform fault, but favours several transform faults with 
much smaller offsets than the 2,500 I. offset on the Chagos fracture 
zone envisaged by ?icKenzie and Sclater (1971). 
Thus volcanism on Reunion does not appear to be directly related 
to volcanism on a plate boundary. 
B'. In-tra—niate "hotsnot" origin 
The term "hot—snot" has largely arisen out of attempts to explain 
the formation of linear volcanic chains and aseisrriic ridges in the 
middle of ocean basins. Wilson (1963) first used the term in his 
proposition that the Hawaiian chain owed its origin to the Pacific 
plate moving over a fixed hot—spot in the mantle. morgan (1971, 1972) 
has attributed both heat and magma to a continually rising plume of 
fertile mantle material that originated far below the asthenosphere. 
However, McDougall (1971 b) considers the Hawaiian "hot—spot" is 
not fixed with respect to the lower mantle, but is a part of a region 
of return flow in the asthenosphere moving in a direction opposite 
to that of the' lithosphere and at - approximately the same speed. 
Shaw and Jackson (1973) and O'Hara (1975) have proposed that hot—spots 
are relatively fixed not by thermal plumes that rise, from the mantle—' 
core boundary, but by gravitational anchors of either dunite residua 
(Shaw and Jackon, 1973) or eclogite cumulates (O'Hara, 1975) which 
are denser than the surrounding fertile mantle. Thus other ideas 
for the origin of hot—spots warrent consideration e.g. propagating 
fractures (Betz and Hess, 1942; Jackson and Wright, 1970; 
McDougall, 1971), rheological intrusion (Green, 1971), shear melting 
(Shaw, 1973), bumps on -the asthenosphere (Menard, 1973) etc. 
It is not within the scope of this thesis to test -the ierits 
of each hypothesis and the term "hot-spot" is used here in its 
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broadest sense to describe volcanism which cannot be directly 
associated with the formation of oceanic ridge crests or trenches. 
The Reunion hot—spot could be a young, localised feature 
associated with volcamism on Reunion and possibly Mauritius. 
Alternatively, Morgan (1972)  has suggested that the Deccan Traps, 
Chagos—Laccadive Ridge, I4ascarene Plateau, Mauritius and Reunion 
were generated during the last 70 m.y. by northward motion of 
lithosphere over a stationary Reunion mantle plume. The latter 
theory can only be tested with more detailed knowledge of the Indian 
Qcéan, in particular the age of the Chagos—Laccadive Ridge and 
Nascarene Plateau. If these features were generated by a mantle 
plume on the Indian Plate, then there should be progressive increase 
in age of the rocks northward.. Moreover, if the plume was located 
near the early S.E. Indian Ocean Ridge as is implied by Morgan (1972 ), 
then the Chagos—Laccadive Ridge and Mascarene Plateau should be 
the same age as the adjacent ocean floor crust, just as the Ninety--  - 
east Ridge is thesaine age for much of its length as the Indian 
Plate immediately to the west (Luyendyk and Davies, 1974).  However, 
McKenzie and Solater (1971)  have assumed an age of 35 20 m.y. for 
the Chagos—Laccadive Ridge and Nascarene Plateau in their transform 
fault model i.e. much younger than the adjacent ocean floor. It is 
unfortunate then, that the Deep Sea Drilling Project did not 
penetrate volcanic basement on either of these two aseismic ridges. 
The extension of Morgan's (1972)  theory to account for 
volcanism on Mauritius and Reunion encounters two main difficulties. 
Firstly, the southern partof the Mascarene Plateau would be 
considerably older (>50 m,y.), than theprôbable - initidtiori 
:of 	volcáhisrñ oh MaUritius 	(Mc DoUaiI and 
Charnalaun ,i969). Secondly, there does not appear to be a 
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continuous topographic linkage between Mauritius and the rest of 
the !4ascarene Plateaa. Both difficulties could only be resolved by 
cooling of the plume for a considerable period of time. Therefore, 
an alternative model is Dreferred in which flaurtius and Reunion 
have independent origins not directly linked with the volcanic 
activity responsible for the Chagos—Laccadive Ridge and Mascarene 
Plateau, This accords with Baxter's (1973) conclusion that Mauritius 
may have developed independently at the end of the Nascarene Plateau. 
The isolated nature of Reunion would also suggest that it has 
developed independently from Mauritius. This is borne out by the 
difference in age and volcanic products of the two islands in spite 
of a separation of only 170 1. Jackson et al (1972) suggest that 
the Hawaiian zone of melting is about 300 lou. wide. If a similar 
width is assumed for the Reunion hot—spot, then Mauritius and Reunion 
could have formed above different parts of a large melting zone, 
thereby retaining their isolation and differences in volcanic products 
and sequence of eruption. Alternatively the islands could have 
formed above two smaller, separate melting zones, 
9.2. MAGMA GENERATION 
The geochemical, mineralogical and petrographical data suggest 
that the Older and Younger Oceanite Series have a similar petrogenesis 
in spite of their differing ages and environment of eruptiOn. The 
compositional similarities between Oceanite Series and Piton de la 
Fournaise basalts (Upton and 1adsworth, 1972) show that similar 
magmas have been available for eruption for over 2 m.y. on Reunion. 
This would suggest continuous replenishment of mantle material below 
Reunion, which could be achieved by movement of lithosphere over a 
hot—spot, movement of a hot—spot under the lithosphere, or by a 
combination of both mechanisms e.g. McDougall (1971). The latter 
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mechanism of return flow in the upter asthenosphere is preferred, 
as it is consistent with relative movement of the African plate in 
a N.W. direction at approximately I cm./yr., thereby accounting for 
the N.W. - S.E. alignment of the two Reunion volcans and. their 
observed distance of searation. 
At solidus temperatures and pressures up to 30 kb. (ioo km. 
depth), likely fertile upper mantle consists of four main anhydrous 
phases: olivine, enstatite, diopside and a phase rich in aluminium. 
The nature of the aluminous phase depends on pressure more than 
temperature. In order of increasing pressure at 800 - 10000 Cy 
plagioclase gives way to spinel at about 10 kb. and spinel to garnet 
at 18 kb. (Green and Ringwood, 1967; O'Hara et al, 1971). 
Jackson and Wright (1970) have suggested the Hawaiian tholeiitio 
basalts are generated at depths of 60 - 100 km. by partial melting 
of garnet lherzolite. On the other hand, Kushiro (1972) shows that 
liquids of similar composition to Hawaiian tholeiites can also be 
generated by partial melting of spinel lherzolite at 10 kb., i.e. no 
more than 30 - 40 km depth. The abundant seismic evidence however, 
favours the deeper origin proposedby Jackson and Wright (1970 ). 
Experimental work by O'Hara (1963 a, b, 1965? 1968 9 1970) 9  
O'Hara and Yoder (1963, 1967) and Ito and Kennedy (1967, 1968) shois 
that under upper mantle conditions of circa 100 km. depth, the par:ia1 
mei:ting product of garnet lhero1ite is a hypersthene normative, 
picritic basalt and that increased melting only enhances the tholelitic 
character as more orthopyroxene enters the liquid. The picritic 
compositions obtained from trapped melt inclusions - in magnesian 
olivines also argues strongly for a picritic Reunion primitive magma 
in equilibrium with olivine. 
The high K and Ti contents of the trapped melt compositions 
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could indicate previous high r,ressure fractionation of phases poor 
in these elements e.g. eclogite, and/or small-scaiLe melting involving 
a K, Ti-rich mantle phase, e.g. phlogopite, Ni-enrichment in the 
magnesian olivines could also be explained by eclogite fractionation 
or small degrees of partial melting in the mantle., and the trans-
itional nature of the Oceanite Series basalts would further indicate 
small degrees of partial melting (O'Hara, 1968). 
9.3. FRACTIONATION HISTORY 
The importance of olivine fractionation in influencing the 
chemical and mineralogical variation of the Oceanite Series has 
already been established and it is clear that the scarce aphyric 
members of these suites represent evolved (olivine-depleted) magmas, 
while the oceanite basalts probably represent some degree of olivine 
enrichment by gravitational settling. !iiinor. chrornite fractionation 
is also shown by the frequent chromite inclusions in olivine and by 
the positive correlation of Cr with MgO shown by the basalt whole-
rock analyses. Separation of an immiscible Ni-Fe suiphide phase 
from Reunion primitive magmas is indicated by the trapped melt 
inclusions in magnesian olivines. 
Fig. 9.1 showu major oxide vs. NgO for the average fresh 
Oceanite Series basalt and: range of possible trapped melt compositions. 
Approximately 40% olivine fractionation (Fo 88 ) from the more 
magnesian trapped melt compositions produce compositions similar 
to the averá.ge Oceanite Series basalt with the exception of the 
oxides Fe0 5 CaO and NiO. Separation of Ni-Fe suiphide from the 
trapped melt accounts for the anomalously high rnourit of NiO after 
removal of olivine. However, as discussed in Chapter 7 9 the low 
FeO and high CaO left after removal of olivine from the trapped melt 
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iajor oxides vs. MgOfor the average fresh Oceanite Series basalt 
(open sQuares) and possible range of trapped melt compositions 
(between arrows). Filled circles rep-resent olivine with composition 
taken from analysis tables in-Appendix C. - 
Average fresh Oceanite Series basalt is the mean composition of 
analyses by Upton and 14adsworth (1966, 1972) and Laux (this thesis). 
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of chromites in dunite inclusions indicates the presence of ciunitic 
1)odies at various depths and/or of considerable thickness below 
Reunion an4 by analogy with geophysical evidence frón' Hawaii 
(Kinoshita et al l 1963) 9 there may be olivine cumulate cores (with 
high density and high seismic velocity) within both Reunion volcanoes. 
This supports the contention of Upton and Wadsworth (1972) that 
nested layered bodies underlie Piton des Neiges, with magma chambers 
open to surface vents which are liable to repetitive inflow of new 
magma, so that strong fractionation of any particular magma batch 
is the exception rather than the rule. Oceanite Series volcanism 
appears to be characterised by the eruption of thick (1000 m.) 
sctions of olivine basalt within a short space of time and in 
separate areas. Tentative evidence from the Riviere St. Denis section 
suggests these eruptions are due to serial tapping from the top 
of an ancient magma chamber lying beneath the volcano. Possibly 
several magma chambers of this type have existed during the eruptIve 
history of the Oceanite Series. 
Minor intermediate and low—pressure fractionation of silicate 
phases other than olivine is indicated by the occurrence of a layered 
gabbro and scarce inclusions (relative to dunite) of wehrlite, 
feldspathic wehrlite and gabbro. The wehrlite inclusions were 
probably formed on the walls of ascending magma columns at pressures 
of around 5 kb., when clinopyroxene replaces plagioclase as the 
second major crystallising pse (Upton and. Begg, unpublished 
experimental data). The layered gabbro and gabbroio inclusions were 
formed during prolonged cooling in shallow magma chambers and 
ramifying channels possibly in the superstructure of the volcano, 
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Occasional hatches of magma undergoing strong fractionation 
at shallow levels, experienced a build-uD of volatiles and were 
explosively erupte e.g. Cap la Houssaye agglomerates. 
Hydrous crystallisation under pH20 of about 5 kb. is considered 
to have formed the amphibole gabbros occurring as clasts in breccias 
of the Bras Rouge. The analcirne gabbro and similar inclusions have 
probably experienced equivalent hydrous crystallisation at much 
higher levels in the volcano. 
To summarize then, the available evidence points to dominantly 
olivine fractionation from picri'tic liquids with MgO probably in 
excess of 20%, to produce the main chemical variations in the 
erupted basalts. Previous high pressure fractionation processes 
carnot be entirely ruled out, although there is no indication from 
the whole-rock analyses of increasing K20/Na20 ratios, incompatible 
element levels and degree of undersaturation, as would be expected 
from the most likely process of eclogite fractionation. 
9.4. F,NVIRONMENP OF ERUPTION 
The lavas and breccias of the Older Oceanite Series are 
believed to have accumulated through rapid eruption into a shallow 
submarine environment. While some eruptions yielded lavas that 
were either rapidly quenched or brecciated in situ by the action 
of steam, others were involved in phreatic explosions producing S 
coarse breccias. 
• 	Rittman (1962) suggests that eplosive submarine volcanism 
takes place at depths less than 2000 m., where the critical pressure 
of water in the magma is exceeded by the hydrostatic, pressure. 
Cotton (1969) has used this depth to suggest that the pedestals on 
which basaltic islands stand are composed largely of pyroclas -tic 
material. However, McBirney (1963) concludes that explosive ash 
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formation is unlikely at depths gre:ter than about 500 metres, this 
being more consistent with observations on subc;1acially erupted. 
Icelanclic table mountains (Jones 1966, 1963) and with the volcanic 
substructure under Hawaii (r:oore and Fiske, 1969), in which basaltic 
pillow lavas and fragments are overlain by hya].ociastite rocks 
en.mted from shallow water vents. 
It is therefore probable that the Older Oceanite Series was 
erupted in shallow water depths under about 500 M. and that the nrc-
dominantly brecciated rocks are underlain by "pillow lavas. The 
total exoosed thickness of the Older Oceanite Series is clifuiu1t to 
assess due to the degree of faulting, but it could exceed 500 ni. in 
some places, especially in the Cirque de Cilaos. The possibilities 
of increased thickness. due to subtarine sluim:'ing, faulting and by 
an abundance of minor intrusives can only be assessed by more detailed 
mapping in the three cirques. 
The mixed sequence of explosion breccias, scree breccias and 
autobreccias with interheddeci lohate lava units would agree with a 
formation on the urper part of a submarine oceanic pedesta1 The 
platform of breccias underlying subaerial lavas of the Younger 
Oceanjte Series in the west wall of the Cirquede Mafate would also 
indicate an originally flat-tored pedestal. These features may be 
formed by wave-planation from drowned oceanic islands (Hess, 1946) 9  
or they may have a primary constructional origin on the sea floor 
(Nayudu,, 1962; BOnatti hncl Tazieff, 1970; Sirnkin, 1972), Elsewhere 
in the three cirques, the contact between Older Oceanite and 
Younger Oceanite Series is more obso 5ure, with the notable absence 
of platform features. However, erosion and faulting during uplift 
would tend to destroy original submarine surfaces, and the preservation 
of a platform in the Cirque d.c Mafate could be due to persistent low 
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erosion rates on the west flank of Piton des Neiges. 
A prorinant féatre of the Older Oceanite Series is the high 
concentration of intrusive material, usually in the form of extensive 
sheet swarms. Later intrusives of the Younger Oceanite and. 
Differentiated Series have also found easy access alOng these old 
lines. Cotton (1969) has emphasized the presence of networks of 
dykes in the basal submarine breccias of St. Helena, In this case, 
the uplifted basal sequence is 400 m, thick and occurs in the core 
of the north-eastern volcano, separated by an unconformity from the 
overlying subaerial lavas of similar mineralogy (Baker, 1969). The 
analogy with the Older Oceanite Series of Reunion is striking. 
Unfortunately the St. Helena basal complex has not been the subject 
of a detailed study, in contrast to the overlying subaerial volcanics 
(Baker, 1968, 1969). 
In addition to the networks of dykes in the Older Oceanite 
Series, there are extensive sheeted sill complexes injected mainly 
into country rock consisting of lobate lava units, whereas the 
dyke networks are usually intruded, into breccia material. NcB'irney 
(1963) has suggested that submarine volcanoes should. contain a high 
proportion of intrusive material, as magma will be inhibited, from 
reaching the surface by the relative lightness of the overlying 
water-saturated rocks and sediments. Thus, the relative paucity of 
lavas to breccias in the Older Oceanite Series could be explained 
if breaking through the layer of light, water-saturated rocks is 
achieved by explosive eruptions, while in other cases magma is 
mainly intruded in thin extensive sheets t shallow levels below the 
surface. The occurrence of steeply dipping d,ykes in breccias passing 
up into near horizontal sheeted sills provides further evidence of 
this mechanism of intrusion. 
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9.5. UPLI? 
Uplift on Reunion is apparently as;ociated zith uplift on the 
Iadagascar Ridge to the west in the Late Pliocene/Pleistocene, 
associated with vertical movement along the iauritius Trench and 
TTahanoro Ridge passing S.E. and N.W. of Reunion resectively. 
The main u1ift of arozimate1y 1900 m. followed the 
accumulation of the Older Oceanite Series, 'out nreceded the formation 
of the Younger Oceanite Series. While the sheeted intrusive complex 
would have stabilised the friable breccias of the Older Oceanite 
Series, ranid uplift, followed shortly afterwards by-subaerial 
eruptions of lava, may have protected the "pedestal" rocks from 
considerable erosion. The compositional similarity between the 
two Series would also indicate that there was only a short time 
interval between eruntions of the Older and Younger Oceanite Series. 
9.6. POST—rAONATIC ALTERATION 
A progressive metamorphism in the zeolite and lower green-
schist facies occurred during the hiatus beween Younger Oceanite 
Series and Differentiated Series eruptions. Zones of zeolitisation 
were developed around the centre of the volcano, their distribution 
being dependent on depth of bi.irial, proximity to volcanic conduits 
and intrusive centres, and the circulatory action of hot fluids. 
The onset of metamorphism may have been linked with the 
establishment of a large magma chamber within the volcanic edifice, 
as suggested by Upton and Wadsworth (1970). The domical upper 
surface of the zone of zeolitisation presumably marks -a former 
isotheral surface above the magma chamber, suggesting that the 
chamber was similarly dome—shaped and sufficiently extensive to 
affect the Oceanite Series as far as 12 1, from the summit of 
Pi -ton des Neiges. 
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APPENDIX A: SAMPL% PCPARPPION AND ANALICAL TCHNIQUS 
SAMPLE PR'PARATION BULKROCK PO4DERS 
Hand specimen samples were washed and scrubbed with a hard 
bristle brush under running water to remove any loose weathered 
material and dust. After rinsing in deionized water and drying, 
hand specimens were reduced to approximately 3 cm. chips using a 
CUTROCK hydraulic splitter. Weathered surfaces were then discarded. 
500 gm. samples were used for most of the fine-grained specimens 
(grainsize 1 mm.) and up to 1000 gin, for the coarser-grained 
olivine-phyric specimens (1 - 5 mm,). The chips were then crushed 
to approximately 50 mesh F.S. using a STURTEVANT jaw crusher, after 
which the samples were homogenized. by 'coning and quartering' until 
50gm. representative ortions were obtained. These portions were 
then reduced to 200 mesh B.S. by grinding in a tungsten carbide 
TEMA for 5 - 10 minutes. The samples were transferred to bottles 
and dried for 24 hours at 105 0  0, after which the bottles were 
sealed and stored until required. 
X-RAY FLUORESCENCE 
The theoretical basis and general principles of X-ray fluor-
escence analysis are given by Jenkins and de Vries (1967) and Norrish 
and Chapel (1967). All the major and trace elements with the 
exception of FeO, Na20 and H20 were determined by this method using' 
a PHILIPS PW 1212 Automatic spectrometer under the standard operating 
conditions in use at Edinburgh University shown in Table A.l. 
A computer program available in this department calculates the 
analyses, involving initial correction of raw counts for instrument 
drift and calculation of a least squares regression line from 
15 - 20 USGS, NBS and departmental standards, against which the 
unknown samples are measured. The recommended values of Flanagan 
!1C' 	A 1 
XRF OPERATING CONDITIONS FOR MMOR AND TRACE ELET4NTS. 
TUBE 
Chromium for ma;ior elements, tungsten for trace elements. 
DISCRIMINkPION 
Automatic exceit for Y9. 
METHOD 
P=Peak 
B = Background 
C OUNT1R 
F = Flow counter 
S = Scintillation counter 
VACUtTh 
Y = Yes 
N = No 
COLLINATOR 
F = Pine 
C = Coarse 
P IME 
Counting time in seconds for total of 3 cycles. 
TABLE A01. 
Element Line EV mA Crystal Kethod Counter Time Coillitater Vacuwi 
Al Ka 60 24 FE F F 60 C Y 
Ba }a 30 24 LIP P - B S 30 F N 
Ca Ye. 40 24 FE F F 30 F Y 
Ce Ka 80 24 LiF P - B F 120 F Y 
Cu Ka 80 24 LIP P - B 5 60 F N 
Fe Ka 60 24 LiF P F 30 C Y 
K Ka 60 24 FE P F 30 F Y 
La i<a 80 24 LIP P - B F 120 F Y 
Ra 40 32 YAP P - B F 300 C Y 
In }ca 60 24 LIP P - B F 30 F Y 
Ni Ka. 60 24 LiP P - B 5 60 F N 
Ka 60 24 FE P - B F 120 F Y 
• 	 Rb Na 80 24 LiP P - B S 66 : 	F N 
• 	Si Na 60 24 FE P F 60 C Y 
Sr Na 80 24 LIP P - B S 60 F N 
Ti Ya 60 24 LiP P F 30 C Y 
V Na 80 24 LIP P - B P .  120 F Y 
Y Na 60 24 LIP P - B S 60 F N 
Zr Na 80 24 LIP P - B S 60 F N 
Cr Na 80 24 LiF F - B F .60 F Y 
N otes 
Discriminate against KAP 
Ca fluorescerce 
Corrected for Ti1 
Corrected for Rb1$ 
Corrected for Sr 
Corrected. fcr V1 
(1969) have been used for the USGS standards. 
(i) Major elements 
!6ajor elements were calculated using the method developed by 
Rose et al (1963). Essentially, this involves eliminating matrix 
and mass absorption interference in the bulk sample due to its 
crystalline structure and high major element concentrations by a 
process of dilution with lithium tetraborate and a heavy absorber-
lanthanum oxide, and fusing the mixture to a glass. The sample to 
then crushed, pressed into a disq and analysed. The preparation 
techniaue is as follows:- 
Dry 200 mesh B.S. bulk rock powder and standards 
at 105 
0 C for 24 hours. 
Dry SPEOPURE lithium tetraborate and lanthanum 
oxide separately at 500
0  C for 24 hours. 
Weigh out sample, lanthanum oxide and lithium 
tetraborate in the ratio 1:1:8. Generally 
the proportions 0.50 gm:0.50 gm:4.0 gm were 
used. 
Mix thoroughly and transfer to a graphite crucible. 
Fuse mixture in furnace at 10500  C for 20 minutes. 
Remove samples from furnace, allow to solidify, 
then place in dessicator to càol completely. 
70 Reweigh, making samples up to 1:1:8 with dry 
SPECPTJRE lithium tetraborate. This corrects for 
any weight losses by volatilisatiori during fusion. 
Crush in tungsten carbide PETvIA for 1 minute. 
Transfer samples to bottles and dry for 24 hours 
at 105° C. 
Press powders to discs with a boric acid jacket in 
a hydraulic press at 15 tons nressure for 45 
seconds. Inspect nowder surface of disc and 
reject if not nerfect,.as the characteristic 
radiation of the lighter elements (Si. Mg, Al) 
has a very limited surface nenetration. 
(ii) Trace_elements 
The following procedures were adopted in the preparation of 
the samples for trace element analysis. 
Dry 200 mesh B.S. bulk rock powders and standards 
at 1050  C for 24 hours 
Press powders to discs at 15 tons nressure for 
45 seconds using a boric acid backing. 
The method of Reynolds Jr. (1963) was then used to determine 
the mass absorption coefficients for the samnies and standards. The 
trace element concentrations. were then determined from the Peak-
Background oorrected counts (Reynolds Jr., op. cit.). 
The precision of the major and trace element analytical methods 
is surnmarisedin Table A,2. for one sample s Re 734B, and the results 
are comparable with other research workers at Edin'ourgh. The 
accuracy of the method was calculated from the standards El. Qi'C13 
and Q1iCM3, and the results are presented in TableA.3. 
WET CIIE!ISTRY 
Sodium was de-termihed. by EEL flame photometer after solution. 
in cold FTI and dilutionin distilled water and sulphuric acid, 
following the method of Vincent (1960). A double Na filter was 
used to minimise the interference of Ca. Duplicate analysis of 
Re 735 yielded values of 1.78 and 1.83 % Na20, 
'ABLE 	A.2. 
X—RAY FLU0RESCE1C AN&LYPIC AL 	PRCISI0N 
ut.j x ii r s ch 
S102 42.05 5 0.61 0,187 0.44 
PlO 2 2.22 5 0.08 0,020 0.90 
A1 203 10.80 5 0.11 0.031 0.29 
Fe2 0 3 (Tot.) 13,37 5 0.15 0.054 0.40 
n0 0.17 5 0,01 0.004 2.35 
1g0 14.68 5 0.21 0.078 0.53 
CaO 8,52 5 0.11 0.044 0.51 
1(20 0.00 5 0.01 0.004 - 
1)205 0.25 5 0.01 0.005 1.99 
P. P 
Ni 227 5 37 
Cr 352 5 26 
V 292 5 43 
Zr 183 5 11 
Y 35 5 5 
Ba 136. 5 29 
Sr 286 5 37 
Rb 26 5 4 
Cu 93 5 10 
Ce 68 5 8 
La 27 5 3 
x = iean concentration 
n = No. of samples 
r = Range of concentrations 
s = Standard Deviation 














X-RAY FLUORSCTNCE: ANALYTICAL ACCUTACY 
El 	 QMCI3 	 QMCM3 
1 2 1 2 1 2 
36.82 36.35 50.00 50.52 55.80 56,30 
4.60 4.62 2.60 2.56 0.83 0.81 
10.38 10.51 13.00 12.76 17.90 17.64 
27.73 2794 16.20 15.78 4.55 4.50 
6.55 6.37 4.20 4.31 1.21 1.25 
7.85 8.30 8,20 8.59 12,00 11,95 
0,24 0,25 1.45 1.44 0,74 0.74 











Given standard concentration. 
Iean concentration obtained over period of analysis. 
Water was determined gravimetrically by fusing 3 - 1 gin, of 
bulk powder sample with 1- - 3 gm. of flux (1DO:EbCrO 4 	2:1) in 
a pyrex tube. The water given off was collected and weighed 
(Shapiro and i3ranock, 1962). Table A.A. summarises the precision 
of this technique. 
4. ELECTRON MICROPROBE ANALYSES 
The microprobe analyses were performed on a Cambridge 
Instruments Microscan 5 machine in Edinburgh. The standards used 
are all polished mn-als or SPECPURE metals and 'are l!stéd below :- 
Si02 Wollastonite 




MgO 	Periclase or St. Johns Island olivine 
Na20 	Jadeiite. 





Olivines were generally analysed using the St. John's Island 
olivinc standard, as mass absorption problems are largely overcome 
using a standard of similar composition to the mineral being analysed. 
Each analysed point was subjected to 4 ten second counts for 
each element and 2 ten second counts on each side of the main peak. 
The results were printed out on magnetic tape, which was fed into 
a computer program which calculates the apparent concentration by 
TABLE A.A. 






= Mean H,0 concentration, Wt % 
11 = No. of sanmies 
r = Range of concentrations 
s 	Standard deviation 
= Relative deviation in %. 100s/. 
averaging the counts and allowing for the dead-time factor. The 
a-oparent concentrtions are then further corrected for atomic 
number, characteristic fluorescence and mas-absorition, and con-
verted into oxide weight nercent. The methods of analysis and 
correction are similar to those of Sweatman and Long (1969). 
5. MODAL ANALYSIS 
rocial data were obtained on a SHAOThIM32 	nrojection micro- 
scope with a 600 point grid. 
APPNDIX B: WHOL—ROCK ANALYTICAL DATA 
OLDER OCEANITE SERIES 
YOUNGER OCEANITE SERIES 
DIFFERENTIATED SERIES 
Najor elements in w -t. %. To-tal iron expressed as FeO. 
Trace elements in p.p.rn. 
1 • OLDER OCEANITE SERIES 
Re711 Re733 Re734A Re734B Re734C Re735 Re736A Re736B 
46.95 47.54 46.52 42.26 49.48 42.49 38.68 38.69 
T102 2.25 2.37 2.47 2.22 2.58 1.98 2.03 1.82 
A12 03 12.35 12.75 12.39 10.85 13.68 11.56 10.16 9.48 
FeO(Tot.)11.26 8.49 9.62 12.06 10.00 10.71 12.06 12.51 
MnO 0.13 0.14 0.17 0.17 0.17 0.16 0.18 0.17 
I'I0 10.90 7.02 9.13 14.75 6.32 13.23 17.46 18.76 
CaO 10.63 12.53 10.71 8.57 9.78 9.45 9.69 8.31 
2.15 3.63 1.94 2.33 2.48 1.78 0.42 0.19 
1(2 0 0.59 1.91 1.38 0.00 1.53 0.80 0,00 0.00 
1.50 2.06 5.02 6.00 2.74 6.11 7.11 7.78 
0.30 0.32 0.34 0.25 0.32 0.22 0.25 0,23 
Total 99.01 98.76 99.69 99.46 99.08 98.49 98.04 97.94 
Zr 159 186 163 189 187 145 149 131 
Cr 554 87 826 353 225 568 811 919 
V 286 302 278 271 290 259 245 202 
Y 38 40 36 34 35 31 29 27 
Ni 316 91 652 246 126 433 695 874 
Sr 292 536 147 283 452 225 42 30 
Ba 118 229 15 132 142 82 <5 <5 
Rb 17 32 <5 28 32 18 7 8 
Cu 113 106 97 99 82 93 103 111 
Ce 41 47 61 67 57 56 61 72 
La 31 28 36 28 22 25 36 32 
Re740 Re744A Re744B Re750 Re754 Re807 Re821 Re835 
Si0 2 47.89 44.57 47.02 50.38 45.84 47.45 46.90 49.16 
Ti0 2 2.50 1.80 3.14 2.46 2.14 2.74 2.69 2.15 
A1 203 14.30 9.91 14.27 12.60 12.26 14.09 13.51 12.25 
FeQ(Tot.)10.47 11.47 11.76 9.45 12.44 10.80 11.45 10.02 
IYLnO 0.17 0.17 0.19 0.16 0.16 0.18 0.18 0.16 
MgO 6.07 17.73 5.80 7.28 13.46 8.13 6.94 8.14 
CaO 10.38 8.59 11.55 9.56 9.61 10.04 9.88 8.18 
Na20 2.92 3.94 3.93 1.79 1.74 3.16 2.70 3.61 
K 2  0 0.51 0.34 0.64 0.61 0.65 0.88 0.62 1.46 
H20 3.60 1.10 1.01 3.80 1.10 1.84 3.63 4.34 
0.28 0.23 0.42 0.29 0.24 0.37 0.32 0.22 
Total 99.09 99.85 99.73 98.38 99.64 99.68 98.82 99.69 
Zr 183 181 176 123 144 170 210 138 
Cr 84 494 308 777 631 125 256 430 
V 303 324 289 233 268 332 288 255 
1 33. 37 35 28 27 36 38 35 
Ni. 76 232 151 630 474 84 155 175 
Sr 317 222 481 269 295 412 371 307 
Ba 65 5 223 178 221 149 103 151 
Rb 17 10 23 7 11 21 24 33 
Cu 109 132 118 74 87 102 64 115 
Ce 47 62 60 44 54 66 54 28 











Re953A Re953B Re954 Re46 Re49 Re51A Re5IB Re81 Re96 
SiO,., 	42.41 43.20 46.49 44.61 43.10 41.03 47.94 44.30 45.85 
2.41 1.75 2.45 2.18 2.16 1.44 1.89 2.05 
12.14 11.96 11.91 10.70 8.70 14.36 10.54 11.59 
11.17 11.57 10.78 10.17 11.50 6.33 7.66 10.85 
0.18 0.18 0.16 0.16 0.15 0.17 0.17 0.17 
10.09 12.78 10.18 14.05 14.32 6.08 6.47 11.99 
10.14 9.70 8.76 8.97 11.51 16.62 22.45 11.01 
2.16 2.10 2.18 2.92 1.51 0.57 0.65 1.43 0.38 
1.13 1.69 0.37 0.73 1.19 1.19 2.46 0.05 0.20 
7.17 5.88 2.30 6.59 6.73 8.01 3.62 4.02 3.87 
0.30 0.29 0.17 0.36 0.30 0.30 0.34 0.49 0.33 
99.78 99.29 99.45 99.45 99.06 99.44 100.01 99.47 98.29 
Zr 156 172 111 
Cr 370 394 632 
V 230 .264 239 
Y 	. 30 • 32 30 
Ni 314 337 496 
Sr 205 208 204 
Ba 134 179 71 
Rb' 18 23 14 
Cu 46 66 105 
Ce 47 55 34 
La 25 32 5 
Na20 
K 2  0 
ll20 
Total 
2. YOUNGER OC1iNIIE SERI.IS 
Norms in wt. % are calculated on a standardised Fe 2 0 3 of 1.5. 
RN2 RN3 RN4 RN5 RN6 R117 RN10 RNI3 
Si02 46.28 45.50 46.13 46.89 46.27 47.71 46.81 48.21 
Ti02 2.82 2.71 3.16 2.83 2.38 2.92 3.07 2.81 
A12 0 3 14.11 12.55 14.57 13.20 11.37 14.34 14.07 14.54 
PeO(Tot.)12.12 12.49 12.12 11.80 12.03 12.15 12.59 11.56 
MnO 0.19 0.19 0.19 0.21 0.18 0.19 0.20 0.18 
MgO 	. 8.62 12.76 8.22 10.39 14.01 8.09 9.90 7.51 
CaO 11.53 9.13 10.73 10.15 9.47 10.85 9.88 11.58 
Na20 2.14 1.78 1.90 2.14 2.12. 2.17 2.10 2.45 
K2 0 0.26 0.39 0.31 0.62 0.59 0.35 0.35 0.69 
0.40 0.85 1.05 0.48 0.40 0.24 0.63 0.13 
.0.54 0.36 0.37 0.32 0.27 0.31 0.37 0.37 
Total 98.81 98.71 98.75 99.03 99.09 99.32 99.97 100.03 
Zr 201 202 219 198 169 190 232 203 
Cr 343 613 247 519 858 240 411 194 
V 410 401 437 391 354 399 454 396 
Y 38 38 39 . 	 39 31 37 39 38 
Ni 127 362 125 243 427 88 204, 93 
Sr 366 309 345 332 317 338 351 378 
Ba 211 260 218 219 173 202 239 249 
Rb <5 6 7 10 11 7 <5 10 
Cu 107 102 95 89 108 97 103 89 
Ce 59 78 78 69 63 79 85 52 . 
La 30 23 32 19 27 32 28 34 
Ne - - - - - - - - 
fly 9.24 16.00 19.24 12.10 5.25 18.20 17.07 9.01 
Di 22.15 14.55 16.99 19.23 20.53 19.19 15.13 22.95 
01 11.80 17.96 5.37 13.55 25.38 5.08 11.01 8.55 
Or 1.32 1.93 1.57 3.12 2.93 1.73 1.72 3.37 
Ab 18.38 15.38 16.44 18.36 18.16 18.51 17.67 20.74 
An 28.66 25.83 31.14 25.22 20.31 28.76 28.26 27.00 
Mt 2.21 . 2.22 2.22 2.21 2,20 2.19 2.19 2.18 
urn 5,45 5.25 6.13. 5.45 4.58 5.59 5.86 . 	 5.34 
Ap 0.82 0.87 0.90 0.77 0.65 0.74 0.88 0,88 
040 0.85 1.05 0.48 0.40 0.24 0.63 0.13 
Rst - - - - - - - - 
RN1 4 RN1 5A RN1 8 1N1 9 RN21 RN22 RN23 .RN24 
Si02 47.32 46.72 47.35 48.18 46.71 46.79 47.67 47.09 
Ti02 2.89 2.23 2.81 2.90 2.73 2.94 2.75 2.64 
A1203 14.82 11.25 14.34 14.36 13.02 14.99 14.72 13.72 
FeO(Tot.)11.96 12.13 11.73 11.58 12.44 12.10 11.68 11.09 
MnO 0.19 0.19 0.19 0.19 0.19 0.20 0.19 0.18 
MgO 6.65 14.83 7.49 7.12 10.49 6.58 7.67 9.09 
CaO 11.35 9.63 11.51 11.95 10.31 11.23 11.89 11.70 
Na20 2.46 2.16 2.43 2.79 2.39 2.36 2.58 2.49 
K 2  0 0.71 0.69 0.40 0.84 0.69 0.53 0.59 0.60 
H 2  0 1.00 0.11 0.85 0.12 0.50 1.30 0.18 0.62 
P205 0.37 0.33 0.36 0.35 0.33 0.33 0.32 0.39 
Total 99.72 100.27 99.46 100.38 99.80 99-35 100.24 99.61 
Zr 212 168 200 212 190 208 199 191 
Cr 148 868 257 212' 584 148 276 437 
V 405 303 398 413 395 423 396 379 
Y 40 31 37 42 39 38 34 34 
Ni 68 444 90 79 275 69 104 168 
Sr 370 325 374 409 370 357 377 371 
Ba 205 176 170 239 191 232 217 250 
Rb 12 16 9 15 12 6 9 7 
Cu 117 90 76 99 88 128 81 110 
Ce 79 71 82 87 66 82 75 72 
La 32 28 33 35 29 34 34 42 
Qz - -. - - - - - 
Ne - - - 0.16 - - - - 
Hy 8.37 2.12 9.82 - 3.80 10.72 2.32 1.44 
Di 21.85 21.14 22.81 26.47 21.17 20.59 24.32 25.18 
01 8.54 28.69 3.48 13.00 19.82 7.43 13.43 15.92 
Or 3,53 3.36 1.98 4.12 3.39 2.65 2,89 2,98 
Ab 21.07 18.24 20.83 23.24 20.36 20,35 21.80 21.27 
An 28.00 19.28 27.60 24.52 23.27 29.56 27.10 25.02 
Mt 2.20 2.17 2.20 2.17 2.19 2.22 2.17 2.20 
urn 5.56 4.23 541 5.49 5.22 5.69 5.22 5.06 
Ap 0,89 0.78 0.86 0.83 0.79 0.80 0.76 0.93 
1120 1.00 0.11 0.85 0.12 0.50 1.30 0.18 0.62 
Rest - - - - - - - - 
RN118 RN119 RN120 RN121 RN122 RN123 RN124 RN126 
Si0 2 46.54 49.05 48.72 46.29 46.41 47.90 47.40 48.31 
Ti0 2 2.83 2.86 2.90 2.75 2.67 2.77 3.02 2.99 
A1 203 13.36 13.72 13.73 12.12 11.71 14.63 14.28 13.79 
FeO('Tot.)11.86 11.67 11.79 12.02 12.10 11.66 11.55 11.57 
MnO 0.19 0.19 0.18 0.18 0.18 0.19 0.18 0.19 
iVIgO 9.49 8.07 8.11 12.21 13.18 7.37 6.76 7.26 
CaO 10.10 10.86 11.06 9.88 9.21 11.64 11.00 11.34 
Na20 2.17 2.53 2.48 2.22 2.17 2.12 2.42 2.64 
K 2  0 0.61 0.80 0.77 0.40 0.54 0.63 0.78 0.85 
H 2  0 1.20 0.18 0.18 0.52 0.78 0.50 1.30 0.18 
P20 5 0.39 0.34 0.36 0.31 0.36 0.38 0.40 0.39 
Total 98.74 100.27 100.28 98.90 99.31 99.79 99.09 99.51 
Zr 206 209 218 208 200 198 211 219 
Cr 420 312 302 613 741 270 207 210 
V 384 393 408 387 373 400 408 431 
Y 39 40 38 37 38 42 40 40 
Ni. 178 127 124 351 418 103 89 97 
Sr 309 362 369 350 329 373 370 406 
Ba 248 223 233 213 203 225 214 269 
Rb 8 20 16 <5 8 9 12 16 
Cu 90 67 74 96 87 85 86 95 
Ce 80 66 71 63 65 65 69 82 
La 36 38 42 38 28 26 34. 27 
Qz - - - - - - - - 
Ne - - - - - - - - 
Hy 13.64 12.60 11.36 8.01 9.73 14.83 12.25 7.18 
Di 18.62 22,45 22.90 2040 18.38 21.78 21.61 24.74 
01 11.33 7.17 8.08 19..81 21.19 4.77 5.47 8.72 
Or 3.09 3.90 3.78 1.98 2.70 3.15 3.93 422, 
Ab 18.81 21.38 20.96 19.07 18.62 18.05 20.93 22.48 
An 25.82 24.10 24.41 22.47 21.18 29.02 26.76 23.83 
Mt 2.23 2.17 2.17 2.21 2.21 2.19 2.22 2.19 
urn 5.51 5.42 5.50 5.30 5.14 5.29 5.86 5.71 
Ap 0.95 0,80 0.85 0.75 0.86 0.91 0.97 0.93 
H20 1.20 0.18 0.18 0.52 0.78 0.50 1.30 0.18 
Rest - - - - - - - - 
4 
RN127 RN130 RN131 RN133 RN134 RN135 Re667 Re668 Re686 
8i02 47.47 48.72 46.93 45.43 47.72 46.49 43.07 47.46 47.27 
TiO2  2.92 3.11 2.53 2.36 2.84 2.20 1.13 2.41 2.79 
1-2 	3 12.86 14.11 12.36 10.92 14.46 
11.12 6.69 13.60 13.66 
FeO(Tot.)12.07 11.81 11.78 12.03 11.57 11.83 11.82 11.24 9.91 
NnO 0.19 0.19 0.18 0.17 0.18 0.18 0.17 0.18 0.15 
MgO 10.25 6.39 12.88 15.63 7.34 15.77 28.05 8.08 8.43 
CaO 10.51 11.31 10.78 9.93 11.90 9.82 5.52 11.09 11.38 
Na20 2.27 2.76 2.12 2.51 2.56 1.98 0.98 2.31 2.47 
K20 	0.73 0.85 0.42 0.71 0.61 0.59 0.24 0.51 0.77 
H 2  0 0.42 0.34 0.10 0.52 0.32 0.21 1.81 1.56 2.05 
P20 5 0.31 0.38 0.32 0.37 0.33 0.27 0.13 0.25 0.35 
Total 100.00 9997 100.40 100.58 99.83 100.46 99.61 98.69 99.23 
Zr 189 225 180 183 207 159 80 167 205 
Cr 501 86 673 899 212 936 1335 338 490 
V 403 440 359 346 401 312 155 281 274 
Y 37 38 38 37 42 32 22 35 37 
Ni 239 60 355 472 73 519 1194 148 237 
Sr 349 .408 335 428 391 300 139 285 365 
Ba 208 246 140 308 197 195 37 90 89 
Rb 13 17 6 42 8 9 14 17 18 
Cu 120 116 79 100 93 81 68 103 78 
Ce 66 68 63 75 85 66 46 63 68 
La 19 21 39 36 42 21 10 26 21 
Qz - - - . 	 - - - - - - 
Ne - - - 4.05 - - - - - 
Hy 8.72 8.34 4.69 - 4.19 2.22 6.89 12.62 6.29 
Di 22.01 24.43 22.67 24.14 25.01 21.58 10.78 23.42 24.86 
01 14 , 70 6.48 21.92 30.30 11.07 29.69 54.38 7.51 9.94 
Or 3.62 4.21 2.06 3.48 3.03 2.89 1.21 2.55 3.89 
Ab 19.28 23.43 17.87 13.73 21.75 16.70 8.47 20.11 21.50 
An 23.18 24.10 23.08 16.77 26.57 19.94 13.55 26.23 24.99 
Mt 2.18 2.18 2.17 2.17 2.18 2.17 2.22 2.24 2.24 
urn 5.57 5.93 4.79 4.48 5.42 4.16 2.19 4.71 5.45 
Ap 0.74 0.90 0.75 0.88 0.78 0.64 0.31 0.61 0.85 
H20 0.42 0.34 0.10 0.52 0.32 0.21 1.81 1.56 2.05 




Ti02 1.87 3.91 
1203 12.66 15.05 
FeO(Tot.)10.76 15.36. 
14n0 0.18 0.18 
MgO 13.47 7.03 
CaO 9.55 3.02 
Na20 0.90 0.42 
K 2  0 0.16 0.10 
H2O 7.14 8.31 
P20 5 0.22 0.07 
Total 99.40 99.16 
Zr 249 234 
Cr 326 813 
V 172 167 
Y 28 41 
Ni 261 207 
Sr 197 125 
Ba 87 85 
Rb 18 16 
Cu 129 195 
Ce 121 114 
La 30 30 
3, DIFPERENTIATD SERIES ROCKS OF PITUID'ENCHAIN AREA, 
CIRQJE DE SALAZIE 
Re806 Re846 Ré849 Re853 Re857 Re862 Re959 Re965 
3102 54.04 53.97 62.64 57.95 56.18 48.61 65.12 51.93 
Ti02 1.96 1.76 1.02 1.80 1.99 3.78 0.48 2.34 
A1203 14.96 14.64 17.59 14.52 16.06 14.46 14.18 15.97 
PeO(Tot.)11.39 9.31 7.04 10.30 8.60 13.88 5.69 11.51 
MnO 0.30 0.58 0.13 0.18 0.20 0.22 0.14 0.27 
MgO 2.59 1.28 1.27 0.99 1.52 3.56 0.36 2.74 
CaO 6.20 8.87 2.84 4.98 5.18 7.91 1.35 6.72 
Na20 4.87 4.94 3.24 4.87 5.90 4.12 6.08 4.e7 
K20 1.90 2.84 2.77 2.54 2.50 1.90 4.57 1.62 
• 
• 	 0.56 0.39 0.15 0.45 0.54 0.68 0.03 0.98 
Total 98.77 98.60 98.68 98.57 98.66 99.11 98.00 98.94 
Zr 338 486 681 494 449 382 929 310 
Cr 35 9 84 <5 <.5 <5 <5 6 
V 62 26 55 39 118 233 10 104 
Y 59 68 70 63 48 56 87 57 
Ni 26 <5 105 <5 <5 <5 23 21 
Sr 521 421 230 457 468 435 7 599 
Ba 395 343 295 315 298 308 165 307 
Rb 48 58 86 56 64 49 98 42 
Cu 13 <5 71 <5 <5 44 7 5 
Ce 143 133 195 151 128 138 238 133 
La 54 58 85 67 53 35 106 59 
Re966 Re968 Re974 
8102 63.24 50.46 60.17 
Ti02 0.54. 2.75 1.39 
t1203 17.16 18.03 14.36 
PeO(Tot.) 4.88 9.90 8.50 
MnO 0.17 0.18 0.29 
MgO 0.31 2.92 1.14 
CaO 2.02 8.34 3.47 
Na20 6.51 4.34 5.39 
K20 3.49 1,68 5.51 
• 0.09 0.56 0.14 
Total 98.42 99.16 98.35 
Zr 600 299 678 
Cr 8 <5 44 
V 6 170 105 
Y 49 47 84 
Ni <5 <5 33 
Sr 284 723 186 
Ba 398 289 209 
Rb 95. 47 •92 
Cu 19 13 25 • 
Ce 130 108 169 
La 50 36 61 
APPENDIX C: MINERAL AND GLASS ANALYSES 
Rock Name 
0 = Oceanite 
O.B. = Olivine basalt 
Series 
Y.O.S. = Younger Oceanite Series 
O.O.S. = Older Oceanite Series 
P.F. = Piton de la Fournaise 
P = Phenocryst 
Gd = Groundmass 
X = Xenocryst 
T.M. = Trapped melt in olivine 
Inclusion 
D = Dunite 
= Wehriite 
G = Gabbro 
A.G. = Amrthibole gabbro 
L.G. = Layered gabbro 
* = Unpublished partial spinel analyses of Upton and 
Wadsworth 
= not analysed 
Fe203 in pyroxenes and spinels calculated assuming R 2  0 3 
 and R 
3 0 
 4 
stoichiometry respectively. Fe 203 in Fe—Ti oxides calculated assuming 
either R 
3 0 4 
 stoichiometry or all iron in the ferric state (see text, 
Chapter 6), 
1 OLIVINMS  
Phenocryst and groundmass olivines. 



















O.B. O.B. 0 0 0 0 0 0 0 
Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. 
P P P P P P P P 
78.8 81.0 82.4 84.2 84.3 84.4 84.4 84.2 87.9 87.2 
39.40 39•2. 40.03 39.95 40.25 40.14 40.06 39.88 40.37 39.82 
0.00 0.02 0.03 0.04 0.05 0.02 0.05 0.04 0.00 0.06 
0.04 0.08 0.07 0.12 0.06 0.06 0.08 0.08 0.08 0.07 
19.90 17.96 16.50 14.83 14.85 14.74 14.66 14.86 11.75 12.27 
0.27 0.27 0.23 0.20 0.22 0.21 0.21 0.20 0.17 0.19 
41.49 42.82 43.22 44.27 44.70 44.66 44.41 44.34 47.68 46.97 
0.36 0.31 0.26 0.43 0.38 0.35 0.37 0.37 0.29 0.27 
0.00 0.03 0.02 n.a. n.a. n.a. n.a, n.a. n.a. 0.02 
0.01 0.02 0.00 n.a. n.a. n.a. n.a. n.a. n.a. 0.00 
0.03 0.03 0.05 0.08 0.04 0.04 0.07 0.04 n.a. n,a. 
0.24 0.21 0.28 0.31 0.29 0.33 0.31 0.27 0.31 0.31 
0.05 0.03 0.10 0.03 0.08 0.06 0.04 0.08 0.07 0.04 
101.79 10110 100.79 100.26 100.92 100.61 	100.26 100.16 100.75 100.01 
Rock No Re824 Re844 Re844 Re844 Re844 Re844 Re844 Re844 Re852 Re852 Re852 core rim core rim 
Rock Name O.B. 0 0 0 0 0 0 0 O.B. O.B. O.B. 
Series O.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O..S. Y.O.S. 
Occurrence G P P P P P P P P P P 
Mol.%Fo 66.1 86.9 86.5 85.9 86.7 87.7 86.7 86.3 84.1 79.2 79.5 
3i02 37.17 39.39 39.35 40.83 40.68 40.87 40.51 40.44 40.35 39.39 39.41 
Ti02 0.00 0.00 0.03 0.02 0.00 0.03 0.00 0.01 0.00 0.02 0.01 
A1203 0.06 0.07 0.12 0.07 0.08 0.06 0.05 0.07 0.08 0,05 0.08 
FeO 29.84 12.48 12.79 13.46  12.77 11.76 12.71 12.97 15.07 19.38 18.96 
MnO 0.50 0.21 0.23 0.18 0.20 0.20 0.17 0.20 0.16 0.28 0.30 
NgO 32,73 46.68 46.15 46.20 46.60 47.29 46.40 45.84 44.92 41.55 41.53 
CaO 0.24 0.33 0.36 0.32 0.30 0.31 0.32 0.33 0.26 0.30 0.31 
Na20 0.02 0.00 0.00 0.02 0.00 0.04 0.00 0.00 0.03 0.00 0.00 
K 2 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CoO n.a,. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
NiO 0.12 0.33 0.33 0.36 0.34 0.43 0.33 0.33 0.30 0.23 0.27 
0r203 0.00 0.04 0.05 0.06 0.02 0.07 0.06 0.09 0.03 0.02 0.02 
Total 100.68 99.53 99.42 101.53 100.98101.05 100.53 100.28 101.20 101.22 100.88 
Rook No. Re852 Re967 Re967 Re967 Re967 Re967 Re967 Re667 Re667 Re667 Re667 
RockNaine O.B. 0 0 0 0 0 0 0 .0 0 0 
Series Y.O.S. Y.O.S. Y.O.S. Y.0.S. Y.O.S. Y.O.S. Y.O.S. Y.0.S. Y.O.S. . 	Y.O.S. Y.0.S. 
Occurrence P P. P P P Gd Gd P P P P 
Mol.% Po 77.2 87.3 88.7 88.2 88.6 66.6 64.6 87.5 87.0 88.2 86.5 
38.63 40.85 41.11 40.69 40.82 37.20 36.67 39.87 39.81 40.50 40.06 
T10 2 0.00 0.00 0.06 0.00 0.03 0.06 0.04 n.a. n.a. n.a. n,a. 
A1 203 0.05 0.06 0.06 0.08 0.08 0.06 0.04 n.a. .n.a, n.a. n.a. 
PeO 21.07 12.16 10.91 11.32 10.96 29.57 31.06 12.03 12.38 11.39 12.80 
MnO 0.32 .0.15 0.11 0.18 0.15 0.44 0.46 n.a. n.a. n.a. n.a. 
NgO 40.08 47.14 47.97 47.72 47.83 33.06 31.80 47.42 46.67  47.94 46.07 
CaO 0.29 0.22 0.19 0.23 0.19 0.34 0.28 n.a. n.a. n.a. n.a. 
Na20 0.00 0.03 0.02 0.03 0.01 0.00 0.00 n.e, n.a. n.a. n.a. 
1(20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n.a. n.a. n.a. n.a. 
CoO n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
NiO 0.25 0.37 . 	 0.52 0.45 0.52 0.13 0.14 0.35 0.37 0.44 0.47 
Cr2 03 0.07 0.09 	. . 	0.05 0.08 0.03 0.00 0.02 n.a. n,a. n.a. n.a. 
Total 100.75 101.05 101.00 100.78 100.61 100.86 100.51 99.66 99.22 100.27 99.39 
Re667 Re667 Re667 Re667 Re667 Re667 Ro667 Re667 Re710 Re710 Re710 Rock No core rim core rim 
Rock Name 0 0 0 0 0 0 0 0 O.B. O.B. O.B. 
series Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.G.S.. Y.O.S. Y.O.S. Y.O.S. O.O.S. O.O.S. O.O.S. 
Occurrence P P P P P P Gd Gd P P P 
Mol.% Po 88.1 88.1. 88.3 86.8 86.6 86.1 79.6 80.4 83.7 83.9 83.3 
E$i02 40.33 39.73 40.00 40.62 40.36 39.74 38.95 39.17 39.83 39.91 39.92 
Ti02 	. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
A1203
n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
PeO 11.31 11.27 11.12 12.56 12.81 13.05 18.79 18.16 15.45 15.51 15.94 
MnO n.a. n,a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
MgO 47.13 46.79 47.10 46.45. 46.49 45.42 41.13 41.85 44.67 45.27 44.65 
CaO 	. n.a.. n.a. n.a. n.a, n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Na2 0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
K 2  0 n.a. n.a. n.a. n.a. n.a. n.a, n.a. n.a. n.a. n.a. n.a. 
CoO n.e.. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
NiO 0.39 0.42 0.40 0.37 0.39 0.38 0.27 0.25 0.34 0.30 0.37 
Cr203 n.a. n.a. n.a. n.a, n.a. n.a. n.a. n.a. n.a.* n.a. n.a. 
Total . 	 99.16 98.21 98.61 99.99 100,01 98.59 99.13 99.43 100.28 101.00 100.87 
Reck No Re710 Re710 Re710 Re710 Re710 Re710 Re710 Re710 Re711 Re711 Re711 core rim core rim 
Rock Name O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. 0.3. O.B. O.B. 
Series O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 0.0.8. O.O.S. O.O.S. O.O.S. O.O.S. 
Occurrence P P P P P P P P P P P 
Mol.%Fo 85.7 84.5 84.0 83.784,1 84.1 84.0 83.9 82.3 82.5 82.5 
5i02 40.29 40.05 40.24 39.67 39.88 39.50 39.85 39.88 39.6739.23 39.08 
Ti02 n.a. n.a, na. n,a. n.a. n.a, n.a. n.a. n.a. n.a.• n.a. 
Al 203 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n,a. n.a. 
FeO 13.78 14.94 15.28 15.07 15.28 15.14 15.31 15.35 16.51 16.39 16.28 
MnO n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
MgO 46.49 45.55 45.00 43.51 45.51 44.84 45.16 44.80 43.19 43.63 42.98 
CaO n.a. n.a, n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a, 
Na 20 n.a. n.a. n.a. n.a, n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
K 2  0 n.a. n.a. n.a. n,a, n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
CoO n.a. n.a. n.a, n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
N±O 0.29 0.34 0.29 0.29 0.31 0.33 0.33 0.29 0.22 0.26 0.25 
Cr2 03 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Total 100.85 100.88 100.82 98.55 100.98 99.81 100.65100.32 99.58 99.51 98.60 
Rock 	 • iO . Re711 Re7 1 1 Re711 Re711 Re957 Re957 Re957 Re957 Re754C Re7540 Re754C 
core rim 
Rock Name O.B. O.B. O.B. O.B. 0 0 0 0 0 0 0 
Series O.O.S. O.O.S. O.O.S. O.O.S. Y.0.S. Y.O.S. Y.O.S. Y.O.S. O.O.S. O.O.S. 0.0.3. 
Occurrence P P P P P P Gd P P P P 
1,101.%Po 82.6 82.9 82.4 82.4 64.9 85.1 79.8 84.8 84.9 84.1 84.4 
3102 39.58 39.20 38.90 39.63 40.27 40.48 39.73 40.20 40.11 3998 40.13 
T3L0 2 n.a. n.a. n.a. n.a. 0.00 0.00 0.04 0.06 0.03 0.02 0.04 
.A1203 n.a. n.a. n.a. n.a. 0.05 0.09 0.07 0.06 0.09 0.07 0.08 
FeO 16.27 15.94 16.33 16.36 14.49 14.16 18.77 14.45 14.28 15.01 14.68 
MnO n.a. n.a. n.a. n.a, 0.15 0.20 0.26 0.21 0.19 0.21 .0.23 
MO 43.43 43.48 43.03 42.91 45.66 45.49 41.82 45.35 45.10 :44.40 44.59 
CaO n.a. n.a. n.a. n.a. 0.26 0.28 0.39 0.30 0.26 0.42 0.36 
Na9 0 n.a. n.a.. n.a. n,a. 0.02 0.00 0.04 0.01 0.00 0.00 0.00 
K.O n.a. n.a. n.a. n,a. 0.00 0.00 0.02 0.02 0.00 0.0() 0.00 
CoO • 	n.a. n.a. n.a. n.a. n:a. • na. n.a. n.a. n.a. n.a. n.a. 
NiO 0.21 0.27 0.25 0.27 0.25 0.25 0.21 0.29 0.43 0.24 0.27 
Cr2 03 	• . n.a. n.a. n.a. n.a. 0.00 0.00 0.04 0.04 0.11 0.06 0.06 
Total 99,29 98.89 98.52 99.16 101.13 100.95 101.39 100.97 100.59 100.41 100.44 
oc k Re754C Re7540 Re754C Re7540 Re754C Re754C Re7540 Re754C Re754C Re362 Re362 
• core rim core >rizn core rim 
RockName 0 0 0 0 0 0 0 0 0 O.B. O.B. 
Series O.O.S. 000.S. 010IS. 0606S. 04005. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 
Occurrence P P X X X P P X P P P 
Moi.% Fo 84.3 83.4 90.3 89.9 85.3 84.4 84.3 89.3 84.5 80.37 79.91 
3i02 39.99 39.87 41.03 40.79 39.97 40.13 40.43 41.02 40.46 39.29 39.08 
Ti02 0.01 0.06 0.02 0.02 0.06 0.04 0.00 0.01 0.01 0.08 0.08 
A1203 0.08 0.06 0.10 0.10 0.05 0.08 0.07 0.08 0.05 0.11 0.09 
FeO 14.82 15.63 9.38 9.60 13.85 14.68 14.93 10.26 14.64 16.25 18.70 
iLn0 0.24 0.22 0.12 0.16 0.18 0.23 0.22 0.14 0.18 0.25 0.26 
MgO 44.64 44.06 49.08 48.91 45.06 44.59 45.11 48.21 45.00 /41.94 41.73 
CaO 0.37 0.44 0.23 0.24 0.41 0.36 0.37 0.22 0.33 0.40 0.43 
Na2 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
K 2  0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CoO n.a. n.a. n.a, n.a. n.a. n..a. n.a. n.a. n.a, n.a, n.a. 
NiO 0.27 0.21 0.49 0.46 0.31 0.27 0.35 0.50 0.32 0.16 0.17 
Cr203 0.05 0.02 0,12 0.11 0.06 0.06 0.08 0.05 0.03 0.08 0.08 
Total 100.48 100.55 100.57 100.59 99.95 100.44 101.55 100.50 101.03 100.54 100.62 
Re362 Re752 Re752 Re752 Re463 Re463 Re463 Re463 Re463 Re463 Re463 
core rim centre >margin 
O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. 
O.O.S. O.O.S. C.O.S. O.O.S. Y.0.S. Y.O.S. Y.O.S. 1.0.3. Y.O.S. Y.O.S. Y.O.S. 
P P P 	. P P P P T.M. T.M. T.N. T.M. 
81.3 	83.7 	83.2 	84.0 	86.5 	66.4 	88.5 	86.9 	88.0 	88.3 	88.5 
39.68 39.56 39.70 39.81 39.29 39.99 40.92 40.52 40.50 40.61 40.74 
0.04 0.04 0.04 0.00 0.04 0.03 0.05 0.03 0.03 0.03 0.03 
0.06 0.08 0.09 0.06 0.06 0.06 0.08 0.09 0.08 0.09 0.08 
17.63. 15.46 15.93 15.13 12.43 12.90 11.04 12.43 11.47 11.16 11.01 
0.28 0.18 0.23 .0.23 0.11 0.19 0.15 0.16 0.13 0.16 0.16 
42.93 44.65 44.29 44,58 44.83 45.93 47.64 46.33 47.23 47.28 47.51 
0.39 0.39 0.34 0.27 0.28 0.31 0.29 0.28 0.29 0.28 0.27 
0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.04 0.02 0,01 0.02 0.02 0.02 0.02 
n.a. n.a. n.a. n.a. 0.09 0.05 0.04 0.04 0.03 0.03 0.03 
0.14 0.29 0.24 0.28 0.37 0.34 . 0.39 0.32 0.42 0.38 0.39 
0.02 0.02 0.04 0.01 0.10 0.07 .0.08 0.02 0.05 0.09 0.11 


















Re463 Re463 Re463 Re463 Re463 Re463 Re463 Re463 oc 	N centre > margin 
Rock Name O.B. O.B. O.B. O.B. O.B. 0,3. O.B. O.B. 
Series Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. 1.0.3.. 
Occurrence T.M. T.M. TeN. T.ii. T.M. T.M. T.M, T.N. 
Mol.% Po 85.6 86.4 87.3 87,9 88.1 88.2 88.5 88.5 
• 	 Si02 40.01 39.96 40.17 40.22 40.30 40.56 39.96 40.23 
• 	 Ti02 n.a. n.a. zi.a. n.a. n.a, n.a. n.a. n.a. 
A103 n.a. n.a. na. n.a. n.a. n.a n.a. n.a. 
PeO 13.76 12.96 12.13 11.53 11.36 11,27 10.95 10.95 
MnO n.a. n.a. n.a. •n.a. n.a. n.a. n.a. n.a. 
MgO 45.71 46.21 46.77 46.78 47.27 47.24 47.25 47.22 
CaO n.a. n.a. na. n.a, n.a. n.a. n.a. n.a. 
Na20 n.a. n.a. n.a. n.a. n,a. n.a. n.a. n.a. 
n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
CoO • 	n.a. n.a. n.a. n.a. n.a. na. n.a. n.a. 
NiO 	• 0.30 0.41 0.40 0.40 0.39 0.41 0.39 0.40 
Cr203 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Total 99.78 99.53 99.47 98.93 99.32 99.47 98.56 96.81 
Re463 Re463 Re463 Re463 Re463 Re463 Re463 Re463 Re463 Re463 Re463 
centre _- margin centre margin 
O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. 
.ii.) Y.O.S. ñ ..'_'.. Y . O . S . V( ..L'j ..jj Y.O.S. Y . O . S . Y.O.S.  .i i.j.. Y.O.S.  V( Y.O.S.  VC\ Y.O.S.  
T.M. T.J. T.M. T.M. T.M. T.M. T.N. T.M. T.M. T.N. T.N. 
87.1 88.2 88.5 84.0 85.8 86.4 86.9 87.4 87.8 88.1 88.1 
40.64 40.84 40.72 40.72 39.98 40.18 40.60 40.31 40.37 40.40 40.61 
0.05 0.05 0.05 n,a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
0.09 0.07 0.09 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
12.30 11.21 10,95 14.87 13.38 12.90 12.43 12.01 11.67 11.32 11.32 
0.17 0.17 0.15 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
46.50 46.97 47.41 43.66 45.36 46.05 46.37 46.81 47.10 47.23 47.10 
0.29 0.29 0.29 n.a. n.a. n.a. n.a. n.a. n,a. n.a. n.a. 
0.00 0.00 0.00 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
0.02 0.02 0.02 n.a. n.a. n.a. n.a. n.a. n.a. n.a. .n.a. 
0.04 0.04 0.04 n.a. n.a. n.a. n.a. n,a. n.a. n.a. n.a. 
0.32 0.34 •• 0.41 0.21 0.35 0.35 0.39 0.34 0.39 0.37 0.40 
0.04 0.05 0.08 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 



















Re463 Re463 Re463 Re463 Re463 Re463 Re511 Re463 Re463 Re463 Re463 Re463 Ro k N C 	0. centre > iiargin centre _> margin 
Rock Name O.B. O.B. • 0.B9 0.B. 0.B. 0.B. O.B. O.B. O.B. O.B. O.B. O.B. 
Series Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.0.S. Y.0.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. 
Occurrence T.M. T.M. T.N. T.M. T.1. T.I. P T.M. T.N. T.M. T.M. T.M. 
Mol.%Po 86.8 87.6 • 88.3 88.5 88,5 88.7 68.6 87.1 87.6 87.9 87.9 88.1 
Si02 39.69 39.63 39.84 39.96 40.09 39.72 37.32 39.88 39.74 39.56 39.64 39.71 
TiO2 •n,a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
A1203 n.a. n.a. n.a. n.a. n.a. na. n.a. n.a. n.a. n.a. n.a. n.a. 
FeO 12.28 11.71 11.20 10.91 10.87 10.82 28.19 12.19 11.74 11.74 11.42 11.30 
MnO n.a. n.a. n.a. n,a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
M0 S 46.48 47.24 47.14 47.13 47.53 34.49 46.34 46.37 46.62 46.55 46.98 
CaO n.a. n.a. n,a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Na20. n,a. n.a, n,a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.  
K20 n.a. n,a. na. n.a. na. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
CoO n.a. n.a. n.a. n.a. n.a. n.a. • n.a. n.a. n.a. n.a. n.a. n.a. 
NiO 0.25 0.38 0.36 0.39 0.40 0.39 0.12 0.27 0.39. 0.34 0.38 0.38 
Cr203 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. fl.a. n.a. 
Total 97.69 98.20 98.63 98.41 98.50 98.46 100.11 98.68 98.24 97.98 97.99 98.37 
Olivines from inclusions in basalts. 
Re824 Re747 Re747 Re747 Re306. Re852 Re329 Re329 
O.O.S. O.O.S. 0.0.3. 0.0.3.. O.O.S. Y.O.S. Y.O.S. Y.O.S. 
D D D I) D W W W 
81.6 81.1 66.7 83.2 86.4 86.0 86.0 81.6 79.7 85.8 85.5 
39.57. 39.86 37.14 39.7938.85 40.22 39.98 38.91 39.45 39.94 40.21 
0.00 0.02. 0.00 0.03 0.04 0.03 0.05 n.a. 0.00 0.02 0.07 
0.07 0.04 0.05 0.05 0.07 0.02 0.02 n.a. 0.08 0.01 0.03 
17.45 17.80 29.05 15.80 12.42 13.38 13.07 17.14 19.02 13.50 13.76 
0.21 0.27 0.46 0.21 0.18 0.22 0.14 n.a. 0.29 0.20 0.19 
43.37 42.74 32.67 43.90 44.28 46.08 44.94 42.68 41.89 45.72 45.65 
.0.20 0.16 0.23 0.19 0.35 0.10 0.13 n.a. 0.30 0.12 0.12 
0.01 0.02 0.03 0.01 0.02 0.00 0.00 n.a. 0.04 0.00 0.00 
0,00 0..00 0.00 0.00 0.05 0.00 0.00 n.a, 0.00 0.02 0.02 
n.a. n.a. n.a. n.a. 0.06 0.06 0.02 n.a. n.a. 0.06 0.09 
0.30 0.26 0.14 0.31 0.30 0.30 0.30 0;29 0.18 0.30 0.32 
0.02 0.02 0.00 0.02 0.01 0.03 0.04 n.a, 0.07 0.03 0.10 
101.21 101.19 99.77 100.30 96.63 100.44 98.69 99.02 101.31 99.92 100.56 
Rock No. 	Re824 Re824 Re824 core 	rim 
Series 	O.O.S. O.O.S. O.O.S. 















Re329 Re329 Re329 Re329 Re310 Re506 Re506 Re506 Re510 
core >riin 
VC\ 
1. .L 	 '..1J Y.O.S. .1. Y.O.S.  i. 	 %/J Y.O.S. (r\  .L Y.O.S.  .1. Y.O.S. . 	 ¼JJ Y.O.S. J. 	 J.J Y . O S. 
W W W W G G G G G 
85.3 85.0 85.2 85.3 79.8 69.0 52.3 37.9 63.1 
4043 39.83 39.67 40.57 38.89 37.61 35.16 33.15 36.37 
0.02 0.07 0.04 0.00 n.a, n.a. n.a. n.a. n.a. 
0.06 0.03 0.04 0.03 n.a. n.a. n.a. n.a. n.a. 
14.01 14.16 13.82 13.86 18.78 27.83 40.43 49.12 32.48 
0.19 0.18 0.23 0.21 n.a. n.a. n.a. n.a. n.a. 
45.57 44.82 44.53 45.27 41.65 34.82 24.91 16.81 31.17 
0.11 0.13 0.15 0.12 n.a. n.a. n.a. n.a. n.a. 
0.00 0.05 0.04 0.03 n.a. n.a. n.a. n.a. n.a. 
0.02 0.03 0.04 0.02 n.a. n.a. n.a. n.a. n.a. 
0.01 0.03 0.05 0.10 n.a. n.a. n.a. n.a. n.a. 
0.31 0.29 0.29 0.27 0.21 0.11 0.02 0.01 0001 
001 0.26 0.10 0.08 n.a. n.a. n.a. n,a. n.a. 
100.74 	99.88 	99.00 100.56 	99.52 100.36 100.52 	99.09 100.04 
Rock No. 
Series 















Olivines from Layered gabbro. 
Rock No. Re284 Re284 Re284 
Nol.% Fo 74.7 74.1 74.7 
Si02 38.78 38.32 38.79 
Ti09 0.00 0.02 0.01 
A1203 0.02 0.04 0.03 
FeO 23.22 23.82 23.24 
MnO 0.34 0.37 0.32 
MgO 38.53 38.25 38.64 
CaO 0.08 0.09 0.07 
Na2O 0.02 0.00 0.00 
K 2  0 0.01 0.00 0.00 
CoO n.a. n.a. n.a. 
NiO 0.08 0.12 0.17 
Cr203 0.01 0.00 0.00 
Total 101.08. 101.01 101.27 
2. PYROXENES 
Group Ia phenocryst and groundmass pyroxenes. 
_oc 	N Re957 Re740 Re740 Re740 Re740 Re687 Re713 Re713 Re713 Re734 Re734 core rim core rim 
Series Y.O.S. O.O.S. O.O.S. O.O.S. O.O.S. Y.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 
Occurrence Gd. Gd Gd P P P P P P P P 
Si02 52.17 51.13 49.21 50.66 51.84 51.71 50.89 50.86 51.30 50.49 50.44 
T102 0.86 0.99 1.74 0.97 0.83 0.77 1.25 1.37 1.08 1.67 1.69 
A1203 2.02 1.83 5.02 3.79 2.82 2.50 3.13 2.63 3.02 2.31 2.28 
Cr203 0.57 0.02 0.23 0.50 0.36 0.82 0.10 0.03 0.46 0.00 0.11 
Fe203 1.32 1.91 1.87 1.75 1.85 0.80 2.01 1.75 1.14 0.07 1.14 
PeO 6.38 10.60 5.67 4.29 4.07 5.39 4.84 8.00 4.43 11.61 9.48 
MnO 0.13 0.33 0.14 0.15 0.15 0.10 0.13 0.33 0.12 0.32 0.31 
MgO 17.08 14.91 14.93 15.56 16.53 16.06 15.54 13.23 15.85 13.94 15.33 
CaO 19.66 18.13 20.66 21.72 21.53 21.22 21.78 21.47 22.01. 18.33 18.14 
Na20 0.22 0.27 0.31 0.29 0.29 0.26 0.29 0.56 0.27 0.34 0.30 
K20 0.00 0.01 0.01 0.01 0.03 0.00 0.00 0.01 0.01 0.01 0.02 
NiO n.a. 0.00 0.02 0.04 0.05 	- 002 0.07 0.00 0.06 0.03 0.03 
Total 100.41 100.13 99.82 99.74 100.34 99.64 100.02 100.25 99.75 99.11 99.28 
Mol.% 
Wo (Ca) 39.86 37.40 43.80 45.31 43.94 43.91 46.18 45.34 45.55 39.13 38.06 
En (Mg) 48.17 42.78 44.03 45.15 46.93 46.23 45.82 38.87 45.64 41.41 44.73 
Ps (Fe) 11.97. 19.83 12.17 9.54 9.13 9.86 8.00 15.79 8.81 19.46 17.21 
Formula on basis of 6'0' 
Ro k N C 	0. Re957 Re740 Re740 Re740 Re740 Re687 Re713 Re713 Re713 Re734 Re734 core rim core rim 
Si 1.91. 1.92 1.82 1.87 1.90 1.91 1.88 1.90 1.89 1.91 1.90 
àiIV 0.09 0.08 0.16 0.13 0.10 0.09 0.12 0.10 0.11 0.09 0.10 
Af 1 0.00 0.00 0.04 0.04 0.02 0.02 0.02 0.02 0.02 0.01 0.00 
Ti 0.02 0.03 0.05 0.03 0.02 0.02 0.04 0.04 0.03 0.05 0.05 
Cr 0.02 0.00 0.01 0.02 0.01 0.02 0.00 0.00 0.01 0.00 0.00 
Fe3+ 0.04 0.05 0.05 0.05 0.05 0.02 0.06 0.05 0.03 0.00 0.03 
Fe2+ 0.20 0.33 0.18 0.13 0.12 0.17 0.15 0.25 0.14 0.37 0.30 
iVig 0.93 0.83 0.83 0.86 0.90 0.89 0.86 0.74 0.87 0.79 0.86 
Mn 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.01 
Ca 0.77 0.73 0,82 0.86 0.84 0.84 0.86 0.86 0.87 0.74 0.73 
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.02 0.03 0.02 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ni - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CIPW norms. 
Qz - - - - - - - - - - - 
Ne - - - - - - - - - - - 
Hy 14.02 18.14 1.04 1.21, 4.81 6.35 2.09 0.27 1.97 13.98 15.47 
Di 73.55 69.51 71.50 78.03 78.85 79.21 79.56 81.52 80.79 70.56 68.93 
01 1.70 1.61 6.09 4.07 2.69 2.73 3.24 3.64 3.50 4.44 3.03 
Or - 0.08 0.05 0.08 0.16 - 0.01 0.05 0.04 0.03 0. 1 2 
Ab 1.85 2.25 2.66 2.47 2.43 2.19 2.42 4.73 2.26 2.87 2.51 
An 4.51 3.76 12.29 9.03 6.29 5.69 7.25 4.63 7.05 4.82 4.86 
Mt 1.91 2.77 2.72 2.54 2.67 1.16 2.92 2.54 1.65, 0.10 1.67 
urn 1.63 1.87 3.31 1.84 ' 	 1.57 1.47 2.37 2.59 2.06 3.20 3.24 
Cr 0.84 0.03 0.34 ' 	 0.74 0.53 1.20 0.14 0.05 0.68 - 0.16 
Rest 
RoC k Re734 Re734 Re734. Re736 Re736 Re736 Re736 Re736 Re736 Re736 Re736 - . core rim core rim 
Series O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 0.0.3. O.O.S. O.O.S. O.O.S. 
Occurrence X P. P X X Gd P P P P P 
S±0 2 49.83 51.66 51.59 50.63 50.67 47.35 51.75 48.94 49.94 47.72 51.07 
T±02 1.31 1.05 1.10 1.13 1.29 2.64 0.96 1.88 1.83 2.68 1.34 
A12 03 4.47 2.55 2.19 2.85 3.71 6.72 2.41 4.85 2.36 5.28 2.70 
Cr20 3 1.21 0.52 0.05 0.55 0.93 0.34 0.85 0.14 0.00 0.14 0.17 
Fe 203 1.13 0.62 1.20 1.25 0.39 1.53 1.01 1.83 1.59 1.07 0.84 
FeO 4.28 5.55 6.04 4.25 4.64 4.93 4.51 5.59 8.23 6.08 5.69 
MnO 0.09 0.16 0.17 .0.10 0.10 0.12 0.15 0.14 0.21 0.12 . 	0.14 
MgO 15.23 16.93 16.78 15.77 15.25 13.91 16.78 14.29 14.31 13.74 16.14 
CaO 21.49 19.98 19.78 21.45 21.95 21.44 20.90 21.27 20.10 21.06 20.68 
Na20 0.35 .0.24 0.24 0.33 0.36 0.35 0.27 0.36 0.35 0.38 0.24 
0.02 0.02 0.03 0.02 0.01 0.01 0.02 0.03 0.00 0.01 0.02 
NiO 0.04 0.07 0.00 0.04 0.02 0.04 0.09 0.03 0.04 0.02 0.02 
Total 99.45 99.35 99.17 98.36 99.31 99.37 99.69 99.34 98.94 98.30 99.04 
Mol.% 
Wo (Ca) 45.90 41.37 40.63 45.08  46.64 46.91 43.12 45.45 42.28 46.10 42.94 
En (Mg) 45.26 48.76 47.95 46.11 45.07 42.32 48.16 42.49 41.86 41.85 46.60 
P 	(fe) 8.84 9.137 11.42 8.81 8.28 10.77 8.72 12.06 15.86 12.04 10.46 
Fornu1a on basis of 6 1 0' 
Re734 Re734 Re734 Re736 Re736 Re736 Re736 Re736 Re736 Re7 36 Re736 R 	k N oc 0. core rim core rim 
Si 1.85 1.91 1.91 1.89 1.88 1.77 1.91 1.83 1.89 1.80 1.90 
1IV 0.15 0.09 0.09 0.11 0.12 0.23 0.09 0.17 0.11 0.20 0.10 
A1VI 0.05 0.02 0.01 0.02 0.04 0.07 0.02 0.04 0.00 0.04 0.02 
Ti 004 0.03 0.03 0.03 0.04 0.07 0.03 0.05 0.05 0.08 0.04 
Cr 0.04 0.02 0.00 0.02 0.03 0.01 0.03 0.00 0.00 0.00 0.01 
Fe3+ 0.03 0.02 0.03 0.04 0.01 0.04 0.03 0.05 0.05 0.03 0.02 
Fe2+ 0.13 0.17 0.19 0.13 0.14 0.15 0.14 0.17.  0.26 0.19 0.18 
• 0.84 0.93 0.93 0.88 0.84 0.77 0.92 0.80 0.81 0.77 0.89 
Mn 0,00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 
Ca 0.85 0.79 0.79 0.86 0.87 0.86 0.82 0.85 0.81 0.85 0.82 
Na 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.03 0.03, 0.03 0.02 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CIPW. norms. 
Qz - - - - - - - - - - 
Ne 0.22 -. - - 0.29 1.61 - 0.81 - 1.62 - 
Hy - 10.64 11.64 2.55 - - 7.51 - 6.63 - 6.70 
Di 75.95 74.40 74.68 80.29 79.81 68.16 77.84 74.83 76.71 73.94 77.13 
01 4.58 3.24 2.67 3.00 4.38 4.48 2.38 4.53 2.91 4.24 3,66 
Or 0.10 0.10 0.17 0.11 0.06 - 0.14 0.18 - 0.06 0.12 
Ab 2.55 2.04 2.07 2.84 2.50 - 2.26 1.58 2.99 0.28 2.05 
An 10.64 5.88 4.84 6.35 8.56 16.83 5.32 11.60 4.92 12.89 6.29 
Mt 1.65 0.91 1.76 1.84 0.57 2.23 1.46 2.67 2.33 1.58 1.23 
urn 2.50 2.00 2.10 2.19 2.46 5,04 1.83 3.59 3.51 5.18 2.57 
Or 1.80 0.78 0.07 0.82 1.37 0.51 1.26 0.21 - 0.21 0.25 
Rest - - - - - 0.04 - - - - - 
Rock No Re362 Re362 Re752 Re752 core rim 
Series O.O.S.. O.O.S. O.O.S. O,0.S. 
Occurrence P P Gd Gd 
5i02 49.38 52.13 48.45 52.15 
TiO2  0.48 0.72 2.21 •0.60 
A1207 3.30 2.42 4.86 2.11 
Cr203 0.09 0.71 0.08 0.71 
Pe 203 2.87 0.36 1.74 0.87 
FeO 7.51 5.80 7.60 5.53 
MnO 0.19 0.17 0.26 0.20 
MgO 13.85 17.18 14.02 17.57 
CaO 19.87 19.61 19.85 19.17 
Na20 0.34 0.27 0.35 0.27 
K 2  0 0.01 0.00 0.01 0.00 
NiO 0.03 0.02 0.00 0.01 
Total 97.92 99.37 99.43 99.20 
Mol.% 
Wo (Ca) 42.26 40.61 42.69 39.50 
En Keg) 40.98 49.50 41.93 50.35 Ps 	) 16.76 9.89 15.38 10.15 
Formula on basis of 6'0' 
Rock No. 	Re362 Re362 Re752 Re752 core 	rim 
Si 1.88 1.92 1.82 1.93 
AlIV 0.12 0.08 0.18 0.07 
A1 0.03 0.03 0.04 0.02 
Ti 0.01 0.02 0.06 0.02 
Cr 0.00 0.02 0.00 0.02 
Pe3 0.08 0.01 0.05 0.02 
Fe 2 0.24 0.18 0.24 0.17 
Mg 0.79 0.94 0.78 0.97 
Mn 0.01 0.01 0.01 0.01 
Ca 0.81 0.77 0.80 0.76 
Na 0.03 0.02 0.03 0.02 
K 0.00 0.00 0.00 0.00 
Ni 0.00 0.00 0.00 0.00 
CIPW norms. 
Qz - - - - 
Ne - - - - 
Hy 6.55 12.73 2.31 15.11 
Di 74.49 73.40 69.63 72.36 
01 3.03 3.19 6.42 2.18 
Or 0.06 0.06 - 
Ab 2.94 2.30 2.98 2.30 
An 7.61 5.42 11.73 4.58 
Mt 4.25 0.53 2.54 1.27 
urn 0.93 1.38 4.22 1.15 
Cr 0.14 1.05 0.12 1.05 
Rest 
GroulD lb phenocryst and groundmass pvroxenes. 
Rock No. Re749 Re749 Re749 Re749 Re749 Re749 Re747 Re747 Re747 Re747 Re747 core 	rim 	 core 	rim 	core 	rim 
Series 	O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 














46.51 49.80 51.16 51.67 48.71 49.83 48.63 51.57 49.19 48.67 50.95 
2.76 1.41 1.13 0.87 2.00 1.29 1.75 1.05 1.87 2.07 1.29 
6.73, 4.75 2.89 1.72 5.26 4.36 5.21 2.03 5.18 5.29 4.06 
0.70 0.96 0.29 0.03 0.69 0.89 0.52 0.01 0.24 0.07 0.60 
2.51 1.19 1.39 . 	 0.59 1.88 1.29 2.35 1.34 1.63 1.75 1.26 
5.43 ' 	5.08 4.96 9.61 5.24 4.96 . 	 4.19 9.11 5.99 . 	 6.82 3.91 
0.22 0.13 0.13 0.37 0.16 	. 0.12 0011 0.32 0.16 0.16 0.09 
13.37 14.87 16.37 14.44 15.20 15.27 14.65 14.63 14.10 13.70 15.43 
20.93 21.66 20.79 19.96 20.35 21.13 21.82 20.02 21.60 21.01 22.38 
0.38 0.29 0.27 0.27 0.31 0.29 0.28 0.30 0.32 0.36 0.40 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.02 0.01 
0.03 0000 0.05 0001 0.02 0.01 n.a. n.a. . 	 n.a. n.a. n.a. 








45.99 . 45.95 	42.95 	41.61 	43.39 
40.84 	43.87 . 47.03 41.88 45.09 
13.17. 10.17 	10.01 	16.51 	11.53 
46.32 41.34 45.93 45.07 46.85 
43.23 42.03 41.69 40.87 44.93 
10.45 16.63 12.38 14.06 8.22 
Formula on basis of 6101 








































Re749 Re749 Re749 Re749 Re747 Re747 Re747 Re747 
core rim core rim core rim 
1.89 1.94 1.81 1.85 1.81 1.92 1.82 1.81 
0.11 0.06 0.19 0.15 0.19. 0.08 0.18 0.19 
0.02 0.02 0.04 0.04 0.04 0.01 0.05 0.05 
0.03 0.02 0.06 0.04 0.05 , 0.03 0.05 0.06 
0.01 0.00 0.02 0.03 0.02 0.00 0.01 0.00 
0.04 0.02 0.05 0.04 0.07 0.04 0.05 0.05 
0.15 0.30 0.16 0.15 0.13 0.28 0.19 0.21 
0.90 0.81 0.84 0.84 0.81 0.81 0.78 0.76 
0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 
0.82 0.80 0.81 0.84 0.87 0.80 0.86 0.84 
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 
0.00 0.00 • 0.00 0.00 0.00 0.00 0,00 0.00 



























1.76 0.33 - - - 1.19 - 0.97 0.78 0.85 
- 
- 6.49 11.42 1.49 1.43 - 10.46 - - - 
67.54 75.57 76.66 77.49 69 , 45 74.85 75.08 76.29 74.67 72.81 79.68 
3.52 4.81 3.25 2.73 5.89 4.94 3.01 2.56 4.52 5.34 3.25 
- - - - - - 
- 0.12 0.06 0.12 0.06 
- 1.85 2.26 2.30 2.65 2.50 0.18 2.53 0.90 1.62 1.79 
16.72 11.62 6.73 3.51 12.97 10.62 13.01 4.12 12.63 12.77 9.21 
3.65 1.72 2.02 0.86 2.73 1.88 3.42 . 	 1.93 2.36 2.54 
. 
1.82 
5.27 2.68 2.15 1.65 3.80 2.45 	. 3.34 1.99 3.54 3.93 2.44 
1.03 1.42 0.43 0.04 1.02 1.32 0.77 0.01 0.35 0.10 0.88 
0.52 - - - - - - - - - - 
Rrck No Re747 Re747 Re747 Re747 Re747 Re747 Re747 Re747 Re747 Re749 Re749 core rim core > rim 
Series O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 
Occurrence P P P P P P P P P G 
Si02 51.32 52.35 50.08 49.24 49.63 50.57 51.24 49.61 49.63 50.40 45.39 
T 4 02 0.99 0.92 1.71 1.43 1.70 1.47 0.90 1.32 1.19 2.81 3.38 
A1203 2.22 2.67 4.82 5.48 4.86 3.82 2.92 4.32 4.27 2.17 6.62 
Cr203 0.67 0.39 0.28 1.16 0.43 0.46 0.76 0.99 0.98 0.02 0.08 
Fe 203 0.31 0.57 0.47 0.91 0.99 2.01 1.17 2.00 2.17 0.70 4.65 
PeO 4.10 5.60 5.68 4.09 5.53 3.17 4.48 3.98 3.80 9.76 4.63 
IvinO 0.11 0.16 0.11 0.07 0.17 0.10 0.10 •0.13 0.14 0.16 0.16 
MgO 15.95 16.59 15.06 14.31 14.74 15.20 16.14 15.10 15.17 14.36 12.89 
CaO 21.92 21.03 2147 22.56 21.30 22.68 21.42 21.88 21.81 20.10 21.51 
Na20 0.31 0.23 0.26 0.33 0.33 0.50 0.27 0.30 0.31 0.31 0.39 
K 2  0 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.03 0.05 
NiO n.a. n.a. n.a. n.a. n.a.. n.a. n.a. n.a. n.a. n.a. n.a. 
Total 97.91 100.53 99.95 99059 99.70 99.99 99.41 99.65 99.48 100.82 99.75 
Mol,% 
Wo (Ca) 46.12 43.02 45.51 48.73 45.50 47.54 44,46 46.16 46.03 41.72 46.43 
En
Ne)
g) 46.69 47.22 44.41 43.00 43.79 44.32 46.58 44.32 44.51 41.45 38.71 
Ps  7.19 9.76 10.08 8.27 10.71 8.14 8.96 9.52 9.46 16.83 14.86 
Formula on basis of 6 0 0•' 
Rock No. Re747 Re747 core 
Si 1.92 1.91 
A1IV 0.08 0.09 
Al 0.02 0.03 
Ti 0.03 0.03 
Cr 0.02 0.01 
Pe3 0.01 0.02 
Fe 2 0.13 0.17 
Mg 0.69 0.90 
Mn 0.00 0.01 
Ca 0.88 0.82 
Na 0.02 0.02 
K 0.00 0.00 
Ni - - 
Re747 Re747 Re747 Re747 Re747 Re747 Re747 Re749 Re749 
rim core rim 
1.85. 1.82 1.84 1.86 1.89 1.84 1.84 1.88 1.71 
0.15 0.18 0.16 0.14 0.11 0.16 0.16 0.10 0.29 
0.06 0.06 0.05 0.03 0,02 0.03 0.03 0,00 0.00 
0.05 0.04 0.05 0.04 0.03 0.04 0.03 0.08 0.10 
0.01 0.03 0.01 0.01 0.02 0.03 0.03 0.00 0.00 
0.01 0.03 0.03 0.06 0.03 0.06 0.06 0.02 0.13 
0.18 0.13 0.17 0.10 0.14 0.12 0.12 0.30 0.15 
0.83 0.79 0.81 0.83 0.89 0.83 0.84 0.80 0.72 
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 
0.85 0.90 0.85 0.89 0.85 0.87 0.87 0.80 0.87 
0.02 0.02 0.02 0.04 0.02 0.02 0.02 0.02 0.03 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
- 
- 0.17 1.52 0.39 1.65 - 0.48 0.34 - 1.79 
2.24 7.66 - - - - 4.29 - - 7.22 - 
83.84 77.43 74.98 75.49 74.60 81.59 78.97 77.29 77.21 75.88 65.53 
3.07 3.56 6.61 2.81 5.74 0.99 3.07 3.14 3.22 3.39 1.26 
0.06 0.12 0.06 - 0.12 0.06 0.06 0.12 0.06 0.18 - 
2.68 1.94 1.88 - 2.08 1.19 2.30 1.67 2.01 2.60 - 
4.73 6.16 11.95 13.49 11.75 8.15 6.76 10.42 10.28 4.40 16.20 
0.46 0.82 0.68 1.32 1.44 2.91 1.71 2.91 3.16 1.01 5.63 
1.92 1.74 3.25 2.73 3.24 2.79 1.72 2.52 2.27 5.29 6.43 
1.01 0.57 0.41 1.71 0.64 0.68 1.13 1.46 1.45 0.03 0.12 
- - 
- 0.05 - - - - - - 0.23 
















Group ha pyoxenes. 
Rock No. 	Re824 Re852 	466L 	466L 
Series 	O.O.S. Y.O.S. 	P.F. 	P.F. 
Inclusion 	D 	W 	W 	W 
Si02 50.89 51.34 5145 50.91 
Ti02 0.80 0.91 0.56 0.60 
A1203 2.72 2.70 3.03 3.18 
Cr203 0.55 1.01 n.a. n.a. 
Fe203 2.56 0.91 2.41 2.72 
FeO 3.23 5,60 1.12 0.83 
MnO 0.11 0.19 n.a. xi.a. 
MgO 16.33 16.36 17.64 17.14 
CaO 21.72 20.30 21.13 21.56 
Na20 0.27 0.26 0.51 0.52 
K20 0.00 0.00 0.01 0.00 
NiO n.a. 0.04 n,a. n.a. 
Total 99.18 99.62 97.85 97.46 
Mol,% 
	
Wo (Ca) 	44.56 	42.23 	43.82 	44,95 
En (Mg) 46.59 47.34 50.88 49.71 
Pa (Fe) 	8.85. 	10.43 	5.31 	5.34 
Formula on basis of 6 1 0 1 . 
























0.00 0.02 0.03 0.03 
0.02 0.03 0.02 0.02 
0.02 0.03. - 
0.07 0.03 0.07 0.08 
0.10 0.17 0.03 0.03 
0.90 0.90 0.97 0.95 
0.00 0.01 - - 
0.86 0.80 0.84 0.86 
0.02 0,02 0.04 0.04 
0,00 • 0.00 0.00. 0.00. 















3.57 9.12 2.38 - 
80.14 75.18 78.65 80.36 
1.65 2.72 4.24 4.59 
- 
- 0.06 - 
2.30 2.21 4.41 4.02 
6.26 6.22 6.08 6.51 
3.74 1.32 	• 2.03 0.96 
1.53 1.73 1.09 1.17 
0.82 1.49 - - 
- 
- 1.06 2.13 
Grouo lib Dvroxenes 













Re749 Re749 Re749 Re749 Re749 Re749 Re749 Re749 Re749 
>rim core rim core rim 
O.O.S. 0.0.3. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 
47.08 47.21 49.34 50.58 48.04 48.57 47.04 47.94 50.53 
2.99 2.97 1.20 0.74 2.46 2.25 3.01 2.40 1.65 
6.11 6.18 4.36 2.19 5.04 4.87 6.22 5.17 2.13 
0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.05 
2.56 2.10 2.50 1.82 2.35 2.58 2.69 2.78 1.07 
5.49 6.08 9.04 12.24 5.36 5.24 5.84 5.00 11.68 
0.21 0.16 0,00 0.41 0.13 0.13 0.12 0.18 0.28 
11.97 11.85 10.40 9.43 12.69 12.96 11.80 12.53 10.21 
23.06 22.95 22.84 22.03 23.07 23.09 23.09 23.08 22.75 
0.49 0.50 0.67 0.72 0.41 0.42 0.50 0.50 0.54 
0.03 0.01 0.03 0.04 0.03 0.02 0.02 0.02 0.02 
NiO n.a. n.a. n.a. n.a. n.a.. n.a, n.a. n.a. n.a. n.a. 
Total 100.12 100.00 100.01 100.38 100.20 99.58 100.13 100.37 99.61 100.91 
Mol.% 
Wo (Ca) 	49.34 	50.36 	50.28 	49.52 	47.91 	49.55 	49.11 	50.26 	49.79 	48.59 
En (Mg) 38.35 36.36 36.10 31.37 28.54 37.92 38.33 35.71 37.59 30.32 
Ps (Fe) 	12.31 	13.29 	13.62 	19.11 	23.56 	12.53 	12.55 	14.03 	12.62 	21.09 
Formula on basis of 6 1 0' 
R 	k N oc 0. Re749 Re749 Re749 Re749 Re749 Re749 Re749 Re749 Re749 Re749 core. >rim core rim core rim 
Si 1.81 1.76 1.77 1.86 1.93 1.80 1.81 1.76 1.80 1.91 
A1IV 0.19 0.24 0.23 0.14 0.07 0.20 0.19 0.24 0.20 .0.09 
AJY1 0.02 0.03 0.04 0.05 0.03 0.02 0.02 0.03 0.03 0.01 
Ti 0.07 0.08 0.08 0.03 0.02 0.07 0.06 0.09 0.07 0.05 
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.06 0.07 0.06 0.07 0.05 0.07 0.07 0.08 0.08 0.03 
Fe2 0.17 0.17 0.19 0.29 0.39 0.17 0.16 0.18 0.16 0.37 
Ng 0.72 0.67 0.66 0.58 0.54 0.71 0.72 0.66 0.70 0.58 
Yin 0.01 0.01 0.01 0.00 0.01 0000 0.00 0.00 0.01 0.01 
Ca 	. 0.92 0.93 0.92 0.92 0.90 0.93 0.92 0.93 0.93 0.92 
Na 0.03 0.04 0.04 0.05 0.05 0.03 0.03 0.04 0.04 0.04 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .0.00 
Ni - - - - - - - - - - 
CIPW norms. 
Qz - - - - - - - - - - 
Ne 1.88 2.25 2.29 2.70 1.35 1.89 1.92 2.28 2.30 1.60 
Fly - - - . - - - - - - - 
Di . 	 76.78 70.46 70.53 79.28 87.68 75.51 76.79 70.04 73.76 88.56 
01. 0.41 0.12 0.75 - 0.50 0.22 0.13 0.03 - - 
Or - - - 0.18 .0.24 - - - - 0.12 
Ab - - - 0.66 3.58 - - - - 1.57 
An 11.27 14.38 14.59 8.76 2.62 11.87 11.32 14.61 11.85 3.30 
Lc 0.09 0.14 0.05 - - 0.14 0.09 0.09 0.09 - 
Mt 	. 3.08 3.71 3.04 3.61 2.63 3.42 3.73 3.89 4.05 1.54 
urn 4,55 5.68 5.64 2.27 1.40 4.69 4.27 5.70 4.57 3.10 
Cr 0.03 0.01 - . 	 - - - - 0.06 0.01 0.07 
Wo - - - 2.54 - - - - 1.84 0.14 
Rest 	. - - . 	 - - - 2.26 1.74 3.30 1.52 - 
Grou.D III Dvroxenes 
Rock No. Re284 Re284 Re284 Re284 Re283 Re283 
Series O.O.S. O.O.S. O.O.S. 0.0.S. 00095. 00003. 
Si02 50.42 50.51 50.74 50.84 50.14 50.23 
Ti02 1.15 1.14 1.16 1.30 1.33 1.36 
A1203 3.20 3.15 3.24 3.24 3.49 3.35 
Cr2 03 0.28 0.31 0.36 0.35 0.30 0.33 
Fe 2 03 2.59 3.10 2.55 2.46 3.01 2.82 
FeO 4.21 3.99 4.10 4.1.1 4.14 4.33 
MnO 0.12 0.14 0.10 0.16 0.14 0.13 
MgO 15.63 15.55 15.64 15.70 15.26 15.23 
CaO 21.60 21.75 21.75 21.92 '21.75 21.79 
Na20 0.29 0.35 ' 	 0.36 '0.33 0.37 0.36 
K 2  0 0.03 ' 	 0.02 0.02 0.01 0.01 0.02 
NiO n.a. n.a. n.a. n.a. n.a. n.a. 
Trta1 99.52 100.01 100.02 100.42 99.94 99.95 
Mol.% 
\'io (Ca) 	44.59 	44.86 	44.68 	45.02 	45.02 	45.09 
En (Mg) ' 44.88 44.86 44.45 44.85 43.92 43.83 
Ps (Pe) 	10.53 	10.28. '10.87 	10.13 	11.06 	11.08 
Formula on basis of 6 1 0' 
Rock No. Re284 Re284 Re284 Re284 Re283 Re283 
Si 1.87 1.87 1.87 1.87 1.85 1.86 
A1IV 0.13 0.13 0.13 0.13 0.15 0.14 
A1VI 0.01 0.01 0.01 0.01 0.01 0.00 
Ti 0.03 0.03 0.03 0.04 0.04 0.04 
Cr 0.01 0.01 0.01 0.01 0.01 0.01 
Fe 3 0.07 0.09 0.07 0.07 0.08 0.08 
Pe 2 0.13 0.12 0.13 0.13 0.13 0.13 
Mg 0.86 0.86 0.86 0.86 0.84 0.84 
Mn 0.00 0.00 0.00 0.01 0.00 0.00 
Ca 0.86 0.86 0.86 0.86 0.86 0.86 
Na 0.02 0.03 0.03 0.02 0.03 0.03 
K 0.00 0.00 0.00 0,00 .0.00 0.01 
Ni - - - - - - 
CIPW norms. 
Ne - - - - - - 
Hy 2.11 1.48 1.35 1.25 0.30 0.37 
Di 78.82 79.16 79.08 79.28 78.54 79.07 
01 . 	 2.67 221 2.82 2.82 2.81 2.77 
Or 0.18 0.12 0.12 0.06 0.06 0.12 
Ab 2.46 2.96 3.04 2.78 3.13 3.05 
An 7,37 6.96 7.16 7.29 7.83. 747 
Lc - - - - 	 . - - 
Mt 3.77 4.49 3.69 3.55 4,36 4.09 
urn 2.19 2.16 2.20 2.46 2.53 2.58 
Cr 	. 0.41 0.46 0.53 . 	0.51 0.44 0.49 
Rest 
3. ANPHIBOLES AND ?ICAS 
Kaersutitès, Biotite. 
Re749 Re749 Re749 Re749 Re749 Re749 Re749 Re749 Re747 Re747 Rock io. core rim core rn 
Series 0.0.8. O.O.S. 0.0.8. O.O.S. O.O.S. O.O.S. 0.0.8. O.O.S. O.C.S. O.O.S. 
Si02 38.22 37.98 40.65 38.30 39.02 38.66 38.68 38.65 37.14 36.31 
Ti02 7.07 7.08 5.56 7.19 6.99 6.64 7.27 7.37 9.57 10.41 
A1203 13.29 13.01 10.12 13.61 13.02 13.50 13.24 13.58 14.63 13.40 
0r2 03 0.02 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.99 0.90 
FeO* 11.99 11.77 20.92 11.36 12.01 11.85 11.51 11.33 5.46 8.88 
MiiO 0.16 0.17 0.23 0.16 0.18 0.14 0.15 0.15 0.06 0.05 
NO 11.16 11.35 6.62 11.45 10.97 11.13 11.83 11.63 18.11 14.83 
GaO 12.35 12.24 11.17 12.37 12.14 12.29 12.33 12.43 0.00 0.00 
20 2.45 2.57 2.73 2.39 2.82 2.67 2.41 2.39 1.04 0.58 
1.12 1.10 1.55 1.09 1.07 1.13 1.07 1.06 8.79 8.87 
NiO 0.00 0.06 0.00 0.00 0.00 0.04 0.01 0.00 0.17 0.17 
Total 97.81 97.31 99.55 97.92 98.22 98.04 98.50 98.59 95.94 94.38 
FeO 3.31 1.67 
4. FELDSPARS 
Phenocrvst and groundmass plagioclases. 
Re852 Re852 Re967 Re957 Re957 Re957 Re687 Re687 Re704 Re703 Re703 Re740 k N OC 	0. core rim core rim core rim 
Rock Name O.B. O.B. 0 O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. O.B. 
Series Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. O.O.S. 
Occurrence P P Gd P Gd Gd P P P P P Gd. 
S102 51.48 50.95 52.66 51.15 51.29 .52.75 50.04 52.12 50.41 50.67 52.16 49.78 
T102 n.a. n.a. n.a. n.a. n.a. 0.16 0.06 0.08 0.06 0.06 0.06 0.06 
A1203 29.78 29.74 28.18 29.98 30.55 27.93 30.61 30.04 30.04 30.45 29.33 30.75 
FeO .n.a. n.a. 1.01 n.a. 0.78 n.a. 0.53 0.73 0.55 0.51 0.52 0.66 
MnO n.a. n.a. 0.00 n.a. n.a. 0.01 0.00 0.02 0.05 0.05 0.05 0.05 
MgO n.a. n.a. 0.14 n.a. 0.26 n.a. 0.22 0.27 0.22 0.21 0.24 0.24 
CaO 13.96 14.07 11.88 14.03 14.23 11.92 14.77 14.41 14.21 14.50 13.48 14.95 
i4a20 3.44 3.46 4.56 3.41 3.41 4.46 2.99 3.22 3.25 3.17 3.42 2.83 
1(20 0.11 0.13 0.27 0.21 0.19 0.37 0.15 0.19 0.17 0.14 0.19 0.12 
NiO . 	 0.00 0.02 0.03 0.00 0.00 0.00 0.01 0.04 0.02 0.02 0.00 0.04 
Total 98.78 98.37 .98.72 98.78 100.71 97.60 99.38 101.12 98.98 99.78 99.45 99.48 
Mol.% 
An 	 69.9 	68.7 	59.5 	68.6 	69.0 	58.3 	72.5 	70.4 	70.1 	71.1 	67.8 	74.0 
Ab 	 29.4 	30.6 	38.9 	30.2 	29.9 	39.5 	26.6 28.5 	28.9 	28.1 	31.1 	25.3 
Or 	 0.7 	0.7 	1.6 	1.2 	1,1 	2.2 	0.9 	1.1 	1.0 	0.8 	1.1 	0.7 
yçi abbro plagioclases. 	 Ortho 
-clase 
Rock No. 	Re283 Re283 Re283 Re284 Re284 Re284 Re284 Re284 Re749 
















47.86 48.53 48.48 49.62 48.54 47.67 48.15 48.34 63.84 
n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.02 
32.00 31.88 31.64 31.21 32.10 32.81 32.06 32.50 18.32 
n.a. n.a, n.a. n.a. n.a. n.a. n.a. n.a. 0.23 
n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.00 
n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.02 
16.18 15.51 1 15.49 15.06 15.64 16.29 15.50 16.27 0.00 
2.46 2.74 2.76 2.72 2.64 2.39 2.83 2.34 0.56 
0.12 0.13 0.14 0.07 0.11 0.09 0.12 0.12 15.18 
0.01 0.01 0.00 0.05 0.03 0.00 0.02 0.00 0.03 
98.61 98.80 98.51 98.72 99.06 99.24 98.69 99.56 98.21 
77.9 75.2 75.1 75.1 76.1 78.6 74.7 78.8 0.0 
21.4 24.1 24.2 24.5 23.3 20.9 24.7 20.5 5.3 
0.7 0.7 0.8 0.4 0.6 0.5 0.7 .0.7 94.7 




























































































Re463 Re463 Re463 Re957 Re957 Re844 
Eine1 Dhenocrysts. GrouD I. 
Ro k N C 	0. Re463 Re463 Re463 core rim 
Rock Name 0.B. 0.13. O.B. 
Series Y.O.S. Y.O.S. Y.O.S. 
Si02 0.10 0.14, 0.13 
Ti0 2  1.77 1.81 1.99 .  
A1203 14.17 14.05 15.26 
Cr203 44.20 44.14 46.10 
Ya 203 9.09 8.70 6.86 
FeO 19.86 20.65 16.54 
NnO 0.40 0.44 0.38 
MgO 9.88 9.44, 12.49 
CaO 0.02 0.03 0.06 
0.03 0.00 	n.a. 0.00 0,00 0.04 0.03 0.01 0.00 0.01 	n.a. 
K 2  0 0.03 0.02 	n.a. 0.03 0.03 0.03 0.03 0.03 0.00 0.01 	n.a. 
NiO 0.20 0.22 	0.25 0,26 0.25 0.17 0.19 0.15 0.23 0.15 	0.26 
Total 99.74 99.63 	100.06 98.43 99.54 100.73 99.67 99.95 99.56 100.77 	100.46 
Cr 
	
0.68 	0.68 	0.67 	0.67 	0.66 	0.65 	0.67 	0.63 	0.63 	0.65 	0.66 Cr+Al 
0.47 	0.45 	0.57 	0.59 	0.58 	0.51. 	9.43 	0.30 	0.55 	0.47 	0.59 
R 	k N oc 0. Re844 Re844 Re844 Re844 Re844 Re844 Re844 Re852 Re852 core rim core rim 
Rock Name 0 0 0 0 0 0 0 O.B. O.B. 
Series Y.O.S. Y.O.S. Y.O.S. Y.0.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. Y.O.S. 
5i02 0.06 0.20 0.06 0.15 0.03 0.10 0.09 0.06 0.05 
TiO2  1.86 1.81 2.05 2.24 1.94 1.96 3.68 . 	 2. 54 2.46 
A12 03 15.60 14.54 14.96 15.25 14.34 13.74 15.60 19.13 17.74 
0r2 03 43.75 44.12 43.95. 43.24 45.86 45.40 34.37 41.13 42.52 
Fe 203 9.17 . 	 8.65 9.64 7.19 9.68 9.29 13.81 7.11 7.45 
FeO 16.19 16.90 16.16 18.27 15.02 19.00 17.51 16.93 16.77 
M0 0.39 0.34 0.38 0.32 0.38 0.37 0.33 0.34 0.36 
MgO 12.60 11.92 12.73 11.22 13.49 10.91 12.36 13.08 12.96 
CaO 0.02 0.04 0.00 0.00 0.01 0.06 0.07 0.01 0.00 
Na20 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
K 2  0 n.a. , n.a. n.a. n.a. n.a. n.a. n.a. n.a. na. 
NiO 0.21 0.22 . 	 0.25 0.23 0.23 0.19 0.33 0.23 0.26 
Thtal . 	 99.55 .98.74 100.16 98.10 100.96 1.01.01 98.15 100.57 100.56 
Cr 
Cr-i-Al 0.65. 0.67 0.66 0.66 0.68 0.69 0.60 0.59 0.62 
0.58 0.56 0.58 0.52 0.62 0.51 0.56 0.58 0.58 
Group II Serpentinite breccia spineIs. 
Re747 Rs747 Re747 Re747 Re747 Re747 Re747 Re747 Re747 
core- > rim core rim 
Series O.O.S. C.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 0.0.3. O.O.S. O.O.S. 
Si0 2 0,00 0.00 0,15 0,08 0.11 0.10 0.00 0.01 0.00 
T±02 1.90 1.72 6.05 2.96 4.11 1.49 4.72 2.78 1.88 
A1203 19.61 19.69 11.08 12.15 11.47 10.65 15.31 16.84 14.08 
0r203 34.76 32.09 22.77 31.67 27.86 36.11 35.14 35.99 36.54 
Pe 203 14.20 15.32 25.17 21.57 23.95 20.62 11.64 12.94 14.91 
FeO 15.73 20.54 27.09 18.40 19.60 19.47 22.02 22.21 24.17 
MnO 0.42 0.48 0.54 0.40 0.36 0.39 0.54 0.51 0.48 
NgO 13.21 9.87 7.27 10.93 10.79 9.23 10.22 9.36 6.79 
CaO 0.01 0.01 0.03 0.02 0.02 0.01 0.00 0.03. 0.03 
Na20 0.00 0.01 0.01 0001 0.01 0.01 0.01 0.00 0.04 
K 2  0 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.00 0.00 




Mg+Fe 2 + 
100.10 100.02 .1 .00.53 98.49 98.62 98.41 99.82 100.95 99.18 
0.54 0.52 0.58 0.64 0.62 0.70 0.61 0.59 0.64 
0.60 	0.46 	0.32 	0.51 	0.50 	0.46 	0,45 	0.43 	0.33 
Group III Spinels. 
Rock No. 	Re329 Re329 Re329 Re824 Re824 Re504 Re496* Re496* Re496* Re496* Re496* core rim 
Y.G.S. Y.O.S. O.O.S. O.O.S. Y.O.S. P.F. P.F. P.F. P.F. P.F. 
W W D G D D D W W 
0.14 0.14 0.04 0.00 n.a. n.a. n.a. n.a. n.a. n.a. 
5.47 5.71 2.24 4.64 5.03 2.90 2.77 3.89 12.39 8.11 
12.00 11.99 17.70 15.95 12.21. 18.38 16.51 15.20 10.82 11.59 
34.05 33.63 36.27 32.27 25.01 29.27 25.54 26.53 7.46 19.45 
15.81 15.24 12.89 14.36 19.91 14.49 19.47 18.63 29.22 20.24 
21.73 21.62 20.28 22.48 21.25 17.15 16.68 20.00 29.11 22.82 
0.40 0.31 0.46 0.38 n.a. n.a. n.a. n.a. n.a. n.a. 
10.80 10.90 10.39 10.20 9.64 11.99 11.65 10.45 9.80 10.23 
0.03 0.05 0.00 0.00 n.a. n.a. n.a. n.a. n.a. n.a. 
0.01 0.01 n..a. n,a. n.a. n.a. n.a. n.a. n.a. n.a. 
0.02 0.02 n,a. n,a. n.a. n.a. n.a. n.a. n.a. n.a. 
0.25 0.22 0.28 0.27 n.a. n.a. n.a. n.a. n.a. n.a. 























































Fe - Ti oxides. 
Rock No. 482L 482L 
Series P.P. P.P. 
Inclusion D D 
Si02 n.a. n.a. 
T±0 2 1.33 1.29 
A12 03 16.40 17.83 
Cr2 0 3 39.26 38.16 
Pa 
23 
Pe0 1 22.54 21.75 
MnO n.a. n.a. 
?igO 12.59 13.27 
CaO n.a. n.a. 
Na20 n.a. n.a. 
1( 20 
NiO n.a. n.a. 
Total 	92.12 	92.29 
1 Total iron as FeO 
Rock No. 	Re749 Re740 Re824 Re734 Re749 Re749 Re749 
Series 	O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. 
Occurrence 	Gd Gd Gd. Gd A.G. A.G. A.G. 
9.62 2.43 0.10 0.17 0.04 0.57 1.88 
22.88 17.35 15.33 4.28 6.45 6.10 0.15 
1.17 1.10 2.46. 1.63 0.32 0.07 0.95 
0.08 0.01 0.93 0.00 0.05 0.02 0.00 
3.37 77.12 34.76 92.50 56.28 54.98 95.43 
51 .53 - 41.85 - 35.36 34.70 - 
0.80 0.33 0.32 0.09 0.49 0.56 0.01 
0.30 0.19 1.75 0.03 0.50 0.84 0.52 
10.44 0.63 0.12 0.47 0.02 0.05 0.24 
0.04 0.02 0.02 0.06 0.05 0.03 0.14 
0.00 0.00 0.00 0.00 0.04 0.02 0.05 
0.08 0.00 0.09 0.01 0.00 0.04 0.00 
100.31 99.17 • 97.72 99.23 99.60 97.98 99.37 
Rock No. Re749 Re713 Re284 Re284 
Series 00003. O.O.S. O.O.S. O.O.S. 
Occurrence A.G. G L.G. L.G. 
Si02 0.02 0.19 0.37 0.59 
Ti02 6.01 21.68 10.43 5.96 
A12 03 1.21 1.62 3.23 0.14 
Cr2 03 0.03 0.04 2.45 4.25 
Fe 203 56.09 76.65 82.16 87.66 
FeO 34.95 - - - 
MnO 0.55 1.46 1.27 0.55 
MgO 0.64 0.10 0.81 0.97 
CaO 0.04 0.01 0.36 0.01 
Na2 0 0.03 0.()7 n.a. n.a. 
1(20 0.03 0.00 n.a. 
NiO 0.00 0.05 0.09 0.15 
Tctal 99.59 101.86 101.16 100.27 
6. ALTERATION 1'INTRALS AND GLASSES 
Alteration minerals. 
Serpentine. Albite Epi- dote Hydrated glass 
Rock No. Re463 Re747 Re957 Re957 Re957 Re749 Re734 Re734 Re362 Re362 Re705 
Series Y.O.S. O.O.S. Y.O.S. Y.O.S. Y.O.S. O.O.S. O.O.S. O.O.S. O.O.S. O.O.S. Y.O.S. 
Sf02 35.33 40.04 48.50 48.53 49.22 65.46 66.73 37.22 36.12 46.68 45.75 
Ti02 0.00 0.02 0.00 0.00 0.06 0.06 1.46 0.00 3.19 2.84 2.94 
A1203 0.07 0.06 0.06 0.16 4.47 20.58 19.43 20.46 12.16 13.36 15.24 
Cr203 0.05 0.04 0.08 0.08 0.03 0.03 0.00 0.00 0.06 0.00 0.00 
FeO 9.49 2.34 11.32 11.32 11.32 0.74 0.28 15.19 14.98 12.19 11.89 
MnO 0.17 0.06 0.20 0.10 0.09 0.01 0.02 0.08 0.14 0.21 0.10 
MgO 42.90 41.81 23.07 23.07 22.81 0.36 0.05 0.03 9.52 8.21 1.85 
CaO 0.22 0.02 0.28 0.14 0.27 1.70 0.82 22.73 10.42 11.12 6.40 
Na20 0.03 0.04 0.00 0.18 0.56 6.80 8.05 0.03 0.55 1.20 0.11 
K20 0.04 0.01 0.00 0.09 0.15 0.09 0.09 0.01 1.16 0.20 0.52 
NiO 0.19 0.16 0.17 0.17 0.17 0.00 0.00 0.03 0.06 0.04 0.03 
CoO 0.05 0.03 n.a. n.a. n.a. n.a. n,a. n.a. n.a. n.a. 0.03 
Total 88.54 84.63 83.68 83.83 89.15 95.83 96.92 95.77 88.35 96.04 84.86 
An 12.0 5.3 
Ab 87.2 94.0 
Or 0.7 0.7 
Palagonite. 
Rock No. 	Re362 
Series 	O.O.S. 
SiO 2  32.67 





PIgO 	 8.92 
CaO 	 9.78 





A??)iDIX D: NODAL AND PLOT 	DATA 
= Oceanite 
C.B. = Olivine 1)asalt 
- = Absent 
= Present 
HTR0cRAPHY CF 	A}4ALYSE2 ROCI4S 1OM QLDEY OCEANITE 	SCR1ES 
Rock No, Rock Type Vo1% pheocr.ysts Groundms mer2Jog Comments 
OL Aug. Flag. 01. Aug0 flag. Ore 
Re 	46 O.B. 4 0 0 + + + -- ZeolitiEed lava. 	A1terec 	o1ivire. 
49 O.B. 12 1 0 + + + Zeoiitied lava. 	Altered divine and  
1agicc1ae. 
51A O.B. 3 1 0 - + + + Dark glassy olivine—rich zone. 	Altered 
clivine and plagioclaEte. 
51B O.B. 4 0 0 + + + + Light zeolitic amygcialoidal zone. 	Altered 
divine and 1.1agicclase. 	31eleta1 ore in 
grourdrnass. 
81 O.B. 16 4 0 + + + + Altered olivire. 	1elet.l ore in grcundrras. 
96 C.B. 2 0 0 + + + + Zeolitied clast in breccia. 	Alterec 	divine. 
711 O.B. 15 0 0 •- + + + 5 cm. intrusive 	heet. 	S.eletal clivir.:e. 
Glassy groundmass. 
733 O.B. 0 1 0 + + + + Dylce. 	SI.eletal iiireruln in grcundrass. 
LicroFhenccrysts of augite. 	0r}itic  texture. 
73 0 28 2 0 + + + + Olivine—rich baof auto'crecci.ated lava. 
Altered olivine and 	plagi.cclae. 
734B 00B. 12 0 0 - + + + Variolitic texture of slicletal crc augite and 
albitised plagicclase.' Albite + e3:idote in 
• arnygclales. 
HJTHOGAIHY OF ' AIALY I~',!'D flCCIS PTOI OLDER OCEANITE SERIES (contd.) 
Rock Noe 	Rock Type 	Vol % phenocrysts 	Grcurithnasa Inireraloy 	 Ccrnreirts. 
01 Aug. Plag. Ol 	Aug. Plag. Ore 
7340 O.B. 5 0 0 — + + 
735 O.B. 12 0 0 + + 
736A O,B. 14 3 0 — +  
736B O.B. 11 6 0 -F - 
740 O.B. 0 2 0 + -F + 
744.A O.B. 14 0 0 . 	+ + + 
7443 O.B. 1 . 0 0 + 4 + 
750 0 29.0 0. + + + 
754 G.B. 14 0 0 + + 
807 O.B. 0 0 0 - + -4- 
821 0.B 3 0 0 + + + 
835 O.B. 4 0 0 + + + 
954 O.B. 19 0 0 4 4 + 
4- 	Vesicular uprer  part showing chilled and 
brecciated glassy top. 
+ 	Zeolitised lava. Fine—grairied glassy 
groundrnass. 
4 	Base of autobrecciated lava. 	1.eletal 
augite and ore in grour:ass. 
• 	Iiddle and upper zones. Spherulitic texture. 
• 	Intrusive sheet. Altered grouncniass. 
+ 	Olivine—rich base of lobate lava. 
+ 	Zeolite—enriched tor of lobate lava. 
~ 	Zeolitised lava. 
+ 	Lobate lava unit with thn aiaorite rim. 
+ 	Intrusive sheet, 
+ 	Dolerite claj.rt in hreccia. 
+ 	Zeolitised lava. 
+ 	Dolerite sheet. 
FETROGRAPHY CF 	ANALYSIM ROCKS FROM T 	YOUGR 	CCEAMTE 	SERIES 
Rock Rock Type Vol % 	nocryts Groundmass_ni.n€ Comments 
Ole Aug Flag 0 010 Aug0 Flag. Ore 
R 	2 O.B. 4 0 0 -i- + + + Ivlicrophenocrysts of divine, augite and 
plagioclace. 
0,13, 10 0 0 4. + + + 
4 O.B. •7 0 0 + Coarse doleritic grcuras. 
5 O.B. 6 0 0 + 4. + + lllicrophenocrysts of augite and phgioclase. 
6 O.B. 15. 7 0 + 4 + 
7 0,B. 2 1 0 + + - 
1, 18 O.B. 10 4 0 -F + 4 4 Strongly zoied augite ?hncryts. 
119 0.130 7 6 3 + - 
• 	120 O.B. 5 3 2 + + + + 2trorg3y zoned 	ugite pherocrysts. 
121 O.B. 16 0 0 4 +, ± Glassy groundmas. 
122 COB. 13 0 0 4 + -F + 
23 C.B. 1 1 9 + + + 
124 G.B. 2 2 1 - -i- Clivines are highly oxi.dised. 
126 O.B. 1 5 1 + + + 
ETR0f.RAPIfl OF ATALY3ED Roc:K5 FROM TPE YOU 	R OCANITE 	SRiE 	(contd.) 
Rcck No. Reck Type Vol pher1oc\r. Grouiâass_rninera3 Crnrnrts 
01, 	Aug. F1ag 01, Aug. Plag. Ore 
127 C.B. 11 4 4 + 
130 O.B. 0 3 4 4 + CQarse, doleril.:e, plagioclase—rich 
- rourdrnass. 
131 O.B. 16 2 0 - + + 
133 0 26 2 0 # + 	S + 
134 0.B. 2 1 0 + 
135 0. 21 5 0 
24 0,B, 5 5 0 4 + + + 
23 0,B, 2 1 1 + + -- + Flow—aligned groundrs plgioc1a.e 
icrophe.cryt. of oliv:ine arid augite. 
21 O.D. 5 0 0 + + + + 
19 C.B. 0 0 0 + # .+ crophcnocryst 	of divine aid augit. 
1E O.B. 0 0 0 + + -f 4 
15. 0,B. 16 4 0 -i- +. + + 
14 O.B. 2 1 0 + + + + Stroig1y zoned augite phenocrsts. 
	
.Y±TlUULtt?ll1 Uji' ANALS.i) 	UcJc5 jiior1t THt 	xUi'J.Jf  
Rock No, 	Rock Type 	Volphenocr,yts 	'Ground.mass mineralogy 	 Comrnent 
01. Aug. 	Flag. 	01. A ug. 	Flag. Ore 
13 	O.B. 	1 	0 	0 	+ 	 + 	+ 
10 	O.B. 	0 	0 	0 	+ 	- 	 - 	!1iorohenccrysts of olivine and p1a;- 
ioclase in p1a1oc1ase—riQh grouridmas. 
Re .667 	0 	43 	0 	0 	+ 	+ 	 + 	4 	Dyke 
668 	O.B. 	1 	0 	0 	+ 	. + 	+ 	+ 	Chilled n.Qrgin to Re 557. 
686 	O.B. 	5 	0 	0 	+ 	 + 	 Sheeted iiruive. Doleritic grc3wd- 
nass. 
1. 8 APR 2002 
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